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CRYSTALLINE HUMAN CHORIONIC 
GONADOTROPHIN AND ITS 
BIOLOGICAL ACTION 

By 

L. CLAESSON, B. HOGBERG, TH. ROSENBERG AND A. WESTMAN 

A vast amount of literature has accumulated on the rela- 
tionship between the hypophysealdiencephalic system and 
the gonads. However, all the investigations for the elucidation 
of this important question were carried out with indirect me- 
thods, as a pure gonadotrophin preparation with uniform biolo- 
gical effect was not available. The same conditions charac- 
terized also the treatment of the diseases due to the disorders 
of the above mentioned relationshij), manifested by pathologi- 
cally changed sexual function. 

A solution of these problems would be greatly facilitated by 
the use of chemically pure gonadotrophin hormones with well 
defined pharmacodynamical properties. Using these pure go- 
nadotrophins remedies would be given to the gynecologists to 
treat diseases of the type mentioned above with a well founded 
and adequate therapy. Furthermore, such treatment may result 
in a better understanding of the action of the gonadotroidiic 
hormones on the human organisjn. 

In this paper we will describe a method for the jn-eparation 
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of crystalline, electrophoretically homogeneous chorionic go- 
nadotrophin. Preliminary results concerning the action of this 
new preparation on both laboratory animals and human beings 
are also presented. 


EXPERIMENTAL 
Chemical Investigations. 

Since the classical investigations of Ascheim and Zondek 
(1927) have shown that the urine excreted during pregnancy 
in the human subjects contains great amounts of gonadotrophic 
hormone, numerous experiments have been carried out to ob- 
tain this hormone from the urine in a chemically pure form 
{Chow, 1944.) 

Then Gurin, Bachman and Wilson (1940) obtained a potent 
substance in a highly purified form from the urine of pregnant 
women by adsorption on finely divided benzoic acid, further 
fractionating with ethanol, and by shaking the water-soluble 
precipitate with chloroform. This procedure does not injure the 
hormone to an appreciable extent, but removes protein im- 
purities which are readily denaturated by this treatment. Using 
this procedure Gurin and his coworkers {Garin et al. 1940 a) 
obtained fractions with a maximal biological activity of 6 — 
8.000 I.U. per mg. Electrophoretic studies on these fractions 
showed that the hormone is very nearly homogeneous (Gurin 
et al. 1940 a and b). 

Katzman, Godfrid, Cain and Daisy (1943) obtained frac- 
tions with the same biological potency by chromatographic 
adsorption on permutit followed by elution with 10 per cent 
ammonium acetate in aqueous ethanol. These highly purified 
fractions probably contain the hormone in a pure form which, 
however, could not be obtained in a crystalline form. 

To isolate the chorionic gonadotrophic hormone from the 
urine of pregnant women, in our experiments the hormone 
was adsorbed on benzoic acid and the precipitate obtained 
fractionated with ethanol. During the course of the further pu- 
rification we have employed Kossels discovery (1894) that un- 
der special conditions proteins may be precipitated by prota- 
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mine. It was found namely that the active hormone 
tated from urine by protamine, treated directly. On the con- 
trary by previous adsorption on benzoic acid and fractionating 
with ethanol only closely connected protein impurities are pre- 
cipitated with protamine. This latter treatment made it possible 
to eliminate the greatest amount of the still remaining impuri- 
ties and then by the separation of the excess of protamine 
and the last traces of impurities with Reinecke salt, the hor- 
mone was obtained in a crystalline form, assaying 6 8.000 

I.U. per mg. 

Our procedure is briefly as follows; The urine of preg- 
nant women (1 — 3 month of pregnancy) adjusted to pH 3.5 
with glacial acetic acid is filtered. After filtration the pH is 
increased to pH 5.0 with sodium hydroxide. A saturated ben- 


zoic acid solution in acetone is then added and the mixture 
vigorously stirred. By this procedure the hormone is adsorbed 
on the finely divided benzoic acid. The same good results may 
be obtained by replacing the benzoic acid wdth stearic or pal- 
mitic acid. Advantage can be taken of the fact that on stearic 
or palmitic acid a considerably smaller amount of the coloured 
urinary impurities is adsorbed than on benzoic acid. The mix- 
ture is allowed to stand for 24 hours, then filtered and the 
precipitate extracted with cold acetone. It must be noted that 
this and all the following steps arc carried out at a tempera- 
ture of about -i-4° C. in the refrigerator room. After extraction 
with acetone the residue is taken up in a M/15 acetate buffer 
of pH 4.8. To this extract ethanol is then added up to a con- 
centration of 85 per cent. The mixture is allowed to stand 
for 24 hours, then centrifuged, reextracted with buffer and 
precipitated again with 85 per cent ethanol. After repeated 
centrifugation the precipitate is washed with absolute ethanol 
and dried in vacuo. This extraction procedure yields amounts 
of 25—30 mg. per litre of urine. (Potency: 4 — 6 000 lU per 
mg.) 


In the next step 0,5 g. of this preparation is dissolved in 50 
ml. M/76 phosphate buffer pH 7.4. If any residue remains it 
IS con tnfuged oft and washed in a few ml. of phosphate buf- 
fe.. After repeated centrifugation the residue is discarded, the 
two liquids are combined and 10 per cent aqueous protamine 
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sulfate solution is added drop by drop. In order ta avoid the use 
of protamine in great excess it is useful to determine by ne- 
phelometric titration on a small sample the amount of pro- 
tamine necessary for the precipitation. 

The mixture is allowed to stand for 24 hours in the refrige- 
rator room and then centrifuged, and washed with a few ml. 
of phosphate buffer. The undissolved residue does not possess 
any biological activity. Upon the addition of a saturated 
aqueous Reinecke salt solution in excess to the clear centri- 
fugate the excess protamine and the last traces of impurities 
are removed. These are centrifuged off. The clear supernatant 
is now adjusted to pH 3.5 by the addition of dilute sulfuric 
acid. Accompanied by vigorous shaking ethanol containing 5 
per cent m-cresol is added to the solution drop by drop up to 
a final ethanol concentration of 50 per cent. After two hours’ 
standing this is increased to 60 per cent. Upon the addition of 
the ethanol the hormone is separating and after 24 hours the 
formerly amorphous substance begins to crystallise in fine 
thin colourless needles. After a further 24 hours the crystals 
are centrifuged off and dissolved in 20 ml. of distilled water. 
The solution is dialysed over a period of 24 hours in running 



Fig, 1. 

Crystals of human chorionic gonadotrophin. 
250 X. 



distilled water and then ethanol containing 5 per cent in-cresol 
is added in the described way drop by droj) up to a final con- 
centration of 50 per cent. After an interval of two hours the 
ethanol concentration is increased up to 60 per cent. Ihe 
solution is allowed to stand for 24 hours and then the crystalline 
substance is centrifuged, carefully wa.shed with ethanol and 
moist ether, and dried in vacuo. By microscopical examination 
the crystals may be recognized as long thin rods or needles. 
(See figs. 1 and 2.) By combustion an ash-content of 0.3 per 
cent was found. 
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Crystals of human chorionic gonadotrophin. Crossed Nicols. 

« V X « 


By Uic aid of the procedure described above for Hie isolu 
lion of chorionic gonadotrophin from the urine of preBinnl 
women, crystalline fraclions of the hormone may be ihln3 

ailferent fractions previous y obtai ed “o': ^ 0,10 
could be demonstrated, even after 2 hou™!' 



Animal Experiments. 


During the course of the isolation of the crystalline and 
electrophoretically homogeneous chorionic gonadotrophin every 
single step was controlled in animal tests for biological acti- 
vity. Three weeks old infantile female white mice, weighing 
about 6 — 8 g. were used as test animals. The substance to be 
tested was dissolved in saline or distilled water and the solu- 
tion divided into 4 equal doses, which were administered to 
the animals over three days. On the fifth day after the first 
injection the animals were sacrificed and the ovaries histolo- 
gically examined. Positive result was indicated by the presence 
of corpora lutca. By the assay of the biological activity of the 
crystalline hormone — using groups of 24 animals for every 
dose — it has been established that the hormone possesses a 
fixed potency of 6 — 8.000 I.U. per mg. 

In cases of negative tests the ovaries were always charac- 
terized by a typical microscopical appearance, described pre- 
voiusly by numerous authors, viz. only one, or a very few 
growing follicles of extremely great size. This fact seems to 
confirm the assumj)tion that the growth of- follieles observed 
is referred to a synergism between the chorionic gonado- 
trophin administered and the intact animals’ own gonadotrophic 
hormones, or it is due to an induced hyperproduction of a 
follicle stimulator by the anterior pituitary of the test animals 
(Levin 1944), The fundamental bases of this hypothesis have 
been thoroughly studied by Collip el al (1933) and Leonard and 
Smith (1934). Hence experiments based on this theory were 
carried out by us on hypophysectomized rats, using the cry- 
stalline hormone preparation. In the first series a single dose 
of 600 I.U. or 1500 I.U. was injected subcutaneously and at 
the same time one of the ovaries was removed. After 48 hours 
the animals were sacrificed and both ovaries of every test 
animal comparatively examined. By the histological examina- 
tion of these ovaries no growing follicles were to be found. 

In the next series doses of 600 I.U. or 1500 I.U. were ad- 
ministered daily over a period of 6, 8, 10, 12 or 16 days; 
the first injection was made 2 — 3 weeks after the hypophysec- 
tomy. In spite of administering chorionic gonadotrophin in high 
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doses from 3600 I.U. up lo 24.000 I.U. there urns a complete 
lack of growing follicles and all the small follicles showed signs 
of atretia. The actually present corpora lutea showed signs 
of degenerative processes. On the other hand the histological 
appearance of these ovaries was dominated by a highly deve- 
loped interstitial gland. 

Our experiments upon the action of the crystalline choi ionic 
gonadotrophin on infantile female mice and liypophysectomi- 
zed rats reported briefly above seem to support the concep- 
tion advanced formerly in the literature that the principal 
biological effect of the chorionic gonadotrophin is due to a 
synergism between this hormone and a follicle stimulator. 


In order to obtain further evidence to support this assumption, 
experiments were also carried out on juvenile female rabbits 
with the crystalline hormone. White angora rabbits, aged 3 
months, weighing 1500 — 1800 g., were treated in groups ot 6 
animals with a single intravenous dose. The doses were so 
chosen that every group received four times higher dose than 
the preceding one. In this way the lowest dose was 0.09 y and 
the highest 6000 y. After 48 hours the animals were sacri- 
ficed, both ovaries removed, dissected free from connective 
tissue and fat, dried between filter papers and weighed. The 
results are illustrated by the following dose-rcs])onse curve, 
(Fig, 3) representing the correlation between the mean weight 
of ovaries (mean of 12 ovaries) and the amount of hormone 
administered (expressed in y). All ovaries of the animals trea- 
ted with the three lowest doses were unchanged and had nearly 
identical weights. On the other hand the ovaries of animals 


treated with higher doses showed a gradually increased weight 
corresponding to the dose administered. This increase in weight 
was mainly due to a general intensive growth of follicles. 
In addihon to this several liaeniorrhagic follicles were lo be ob- 
served in all ovaries. Both the ovaries and uteri were highly 
hyperaemized as a consequence of oestrogenic stimulation. 
As chorionic gonadotrophin, even in very high doses, failed lo 
induce growth or maturation of the follicles in hypophysecto- 
mized animals, our results indicate that chorionic gonadotro- 

^ highest biological activity in cooperation with 

a tolhcular stimulator. 
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Fig. 3. 

Effect of crystalline chorionic gonadotrophin on the ovarian weight 
of juvenile rabbits. (Doses in y, mean weight of 12 ovaries.) 


CLINICAL OBSERVATIONS 

The earliest investigations on the action of chorionic gonado- 
trophin showed that this substance has a capacity of producing 
follicular maturation and corpus luteum formation in common 
laboratory animals, as mice, rats, guinea pigs and rabbits. 
Thus it seemed probable that the active substance produced 
by the placenta should be identical with the gonadotrophic hor- 
mone of the pituitary. However, in a short time it became clear 
that this assumption could not be supported by experimental 
evidence; for in contrast to the hormones of the anterior 
pituitary and of pregnant mare serum, chorionic gonadotrophin 
exerted no observable action on the follicular apparatus of 
hypophysectomized animals. According to these experimental 
facts, there is a striking difference in the action of these hor- 
mones. It was quite a surprising observation that chorionic 
gonadotrophin had no stimulatory action upon the follicular 
apparatus of primates. Engle (1939) reports that treatment 
with human chorionic gonadotrophin results only in atretia of 
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the follicles, while Hamblen in his monography (1945) em- 
phasizes that ...” chorionic gonadotrophin possesses no impor- 
tant stimulating action upon the ovaries of the higher primate. 
Its apparency prolongs and enhances the activity of the per- 
formed corpus luteum. Its most marked pharmacological ac- 
tion in the female is the depletion of oestrogen level”. The 
stimulatory effect of chorionic gonadotrophin on the corpus 
luteum was thoroughly studied by Wesiman ns early as 1938 
and recently by Braun and Bradbury (1947). 

It was rather difficult to understand the great difference 
in the mode of action of chorionic gonadotrophin on lower la- 
boratory animals and on primates. A presumable explanation 
might be the difficulty of finding an adequate dosage; it 
has repeatedly been showm that most of the incomprehensible 
observations arc closely related to difficulties in the dosage. 
Especially in cases of treatment with chorionic gonadotrophin 
were these complications dominating; the i)rcparalions previous- 
ly available for intramuscular injections contained impurities 
and exerted a relativly slight effect. On account of these diffi- 
culties, only relatively small doses could he administered and 
the clinician was often forced to interrupt the treatment be- 
cause of a high temperature and local reactions of various 
degrees. It seemed therefore absolutely necessary to have a 
pure preparation without undesirable side-effects. This long- 
standing need has now been met by our cleclrophorelically ho- 
mogeneous, crystalline chorionic gonadotrophin. 

Our clinical studies carried out with the new preparation 
have been directed 

1. to clarify its clinical applicability with special regard to 
possible toxic side-effects, 

2. to study its action on the structure of human ovaries, 

3. lo examine its influence on the excretion of oestrogenic 
substances, and 

4. to observe its therapeutic effects on patients suffering 
from amenorrhoea due to pituitary hypofuncUon. 

1. The crystalline hormone was administered to paticnls 
first m increasing doses both subcutaneously and intrainuscii- 
iarly, without any observable side-effect. This was followed 
ly intravenous injections in increasing doses up to 12000 



10 


I.U. pro die. This dose was repeated daily on three sub- 
sequent days, administering in this way a total dose of 36000 
I.U. About 30 patients were treated. No side-effects could be 
observed except in the case of one patient, getting slight shi- 
vering and temporarily raised temperature. Considering the 
mere fact that the hormone is presented in crystalline form, 
it is likely that possible impurities possessing pyrogen effects 
may occur only in traces; it must be assumed therefore that 
the raised temperature was due to an allergic reaction. We 
have to bear in mind, however, that in rare cases there will 
always be certain possibilities of such exceptional allergic 
responses after the parenteral administration of proteins even 
if highly purified and body-homologous. 

Thus it is obvious that this hormone preparation may be 
used without any inconvenience intravenously as well as in- 
tramuscularly or subcutaneously. In this connection it must 
be emphasized that the highest doses reported above are by 
no mean the maximal tolerated doses; they may be exceeded 
without risk, if necessary, but in our material the doses descri- 
bed always elicited, the desired effect, making unnecessary the 
administration of higher doses. 

2. The action of the crystalline hormone on the structure of 
the human ovary was investigated in the following way: A 
total dose of 36000 I.U. was injected on three subsequent 
days into ten patients. On operation, which followed 5 — 7 days 
after the first injection, 2 — 7 greatly developed Graafian follic- 
les could be observed in nearly all the ovaries as a consequence 
of the stimulatory hormone therapy (Figs. 4 and 5). Several 
of these follicles showed a moderate cystic dilatation, with 
signs of beginning atretia. (Fig. 6) Thus our investigations 
provide direct evidence of the fact that even the follicular 
system of the human ovary can be stimulated by intravenous 
injections of crystalline chorionic gonadotrophin, when suffi- 
ciently high doses are administered. On the other hand no 
signs of luteinisation could be seen in the growing follicles, 
and there was a complete lack of any signs of previously rup- 
tured follicles. 

3. Having demonstrated the structural changes in the human 
ovary due to chorionic gonadotrophin, it seemed to be of great 
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no. 6. 

Section of ovary from a case treated with 36000 I.U. crystalline- 
chorionic gonadotrophin. Note marked follicular growth. Haemat- 

oxylin-eosin. 4 x. 

interest to investigate whether or not there are any correlated 
changes in the oestrogenic hormone production of the ovaries. 
The urine of patients treated with crystalline chorionic gonado- 
trophin was collected over a period of 8 days and assayed for 
oestrogenic substances. The collection of the total amount of ex- 
creted urine started 3 days before treatment and finished 2 days 
after the administration of the last dose. The results of these 
assays are mainly uniform; the excretion of the oestrogenic sub- 
stances increased during the first 24 hours following the first 
injection, showing afterwards a relatively rapid decrease to- 
wards the initial values, which were generally reached on 
the day of the third injection. The amount of the excreted 
oestrogens was increased two to ten times as compared to the 
initial values. In agreement with these results, on operation 
4 — 5 days after the first injection, a marked influence of the 
oestrogens upon the uterine musculature — manifested in an 
expressed hypera-mia — could he observed. Thus evidence has 
been presented that crystalline chorionic gonadotrophin posses- 
ses a capacity to stimulate the ovaries to forced production 
of oestrogenic substances. This forced production, however, 
has a limited duration, on account of the above-mentioned 
tendency of the follicles toward atretia. 
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4. The results of the investigations reported above -- highly 
increased growth of follicles and forced oestrogenic hormone 
production induced hy the crystalline chorionic gonadotrophin 
— gave a well founded reason for the treatment of patients 
with amenorrhoea probably due to pituitary hypofunction. 
The action of the reduced amount of gonadotrophic hor- 
mone produced by the pituitary' in these patients, was streng- 
thened by the intravenous administration of higli doses of 
crystalline chorionic gonadotrophin. TJie synergism between the • 
injected chorionic gonadotrophin and the patients’ own pituitary 
hormones resulted in an evident stimulation of the ovaries, 
which w'as indicated by induced bleeding from the active en- 
dometrium. 

The positive results of this treatment in amcnorrhoeic con- 
ditions support the assumption that the action of the injected 



chorToni? goZLtrophi^ wilT' 3000 LU. ^p^egSfmare 

menl. Haemaloxyhn-eosin. 3 x. 

chortonk gonadotrophin co.nbincd will, t|,al of llio insurfi- 

e“rp"::e* vain:--^’ 

Hence when chorionic gonadotrophin is combined will, rel-,- 
-vely small amonnts of pregnant mare sermn gonado.ro;, bin 
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(follicle stimulating hormone) it may be expected that the 
cooperating hormones will induce ovarian changes analogous to 
those produced by a normal pituitary under physiological con- 
ditions, i.e. rupture of the follicle and corpus luteum forma- 
tion. On the basis of this assumption injections of crystalline 
chorionic gonadotrophin were administered in a total dose of 
36000 I.U. in combination with 3000 I.U. pregnant mare serum 
gonadotrophin (Antex Leo). On operation 6 — 7 days after the 



Fig. S. 

Section of ovary from a case treated with 36000 I.U. cr 5 'stalline 
chorionic gonadotrophin combined with 3000 I.U. pregnant mare 
serum gonadotrophin (Antex Leo). Note expressed growth of fol- 
licles. (Compare with Fig. 6.) Haematoxylin-eosin. 2 x. 


first injection of chorionic gonadotrophin, all the changes ex- 
pected have been verified ( Fig. 7 ) . The growth of the Graafian 
follicles was highly expressed (Fig. 8). It may be of special 
interest that in these cases the follicles were surrounded by 
normal grownng granulosa cells and theca interna. (Fig. 9.) 
No signs of atretia were present. On account of these findings 
it must be stated that there is a significant difference between 
these effects and those due to chorionic gonadotrophin by itself, 
as in the latter case the stimulated follicles in a short time 
undergo atretia. 

Moreover the presence of newly foi'ined intensively vascu- 
larized corpora lutea indicates the success of this therapy, 
provocating rupture of follicles. The results obtained by treat- 


Y 



9. 

■Xormally growing granulosa cells and Ihcca inlerna from Ihc same 
ovary as in Fig. 8. Haeinaloxylin-cosin. 1-8 x. 

ment with massive doses of chorionic gonadotrophin combined 
with small doses of pregnant marc scrum gonadotrophin seem 
strongly to indicate that chorionic gonadotrojdiin exerts its 
maximal effect in .sjmergism with a follicle stimulaling factor, 
and that the latter can he successfully adminislcred in ihc form 
of pregnant marc serum gonadotrophin. 

DISCUSSION 

The results of the cleclrojdiorctic investigations on the crys- 
talline chorionic gonadotrophin, rej)ortcd in this ])apcr, indicate 
the high degree of purity of the preparation. Detailed analyti- 
cal results and some more physicochemical proi)erlics of the 
hormone will shortly be ])ublished in a following paper. It must 
here be pointed out that in the case of non crystalline and clcc- 
Irophoretically unhomogcncous prci)arations (ex. Garin ct al. 
1940 a and b; Kaizman, Godfrid, Coin and DoUsij 1943) the bio- 
logical activity should by no means l)c considered as a degree of 
purity, as the possibility of an eventual synergism between 
the hormone and the iminirilics ])rcscnt could not vvilb cer- 
tainly be excluded. 
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On the other hand the investigations reported above present 
sufficient evidence from chemical point of view that only 
traces of impurities may be present in the crystalline hormone. 
This assumption is further supported by the fact that the crys- 
talline hormone invariably showed a fixed activity assayed on 
mice. The isolation of chorionic gonadotrophin in electrophoreti- 
cally homogeneous, crystalline form has thus led to a prepara- 
tion possessing constant and well defined biological activity 
per mg. 

Concerning the mode of action of the crystalline chorionic 
gonadotrophin, our animal experiments confirm the previous 
results (Collip et al. 1933; Leonard and Smith 1934). The ex- 
periments carried out on hypophysectomized rats, reported in 
this paper, show that the daily administration of even an 
amount of 1500 I.U. crystalline chorionic gonadotrophin over 
a period of 16 days fails to induce any growth or maturation 
of the follicles. On the other hand a forced follicular growth, 
followed by corpus lutcum formation, always took place when 
the crystalline preparation w'as injeeted to intact animals. Thus 
the results Obtained by us indicate a possibility of investigating 
— under better defined conditions than previously — the mode 
of action of chorionic gonadotrophin with special regard to the 
formation mechanism of oestrogens and to the synergistic 
action of the anterior pituitary on the follicular growdh. Some 
investigations dealing with these questions are in progress in 
our laboratories. 

The clinical results presented by us clearly show that in- 
travenously injected crystalline chorionic gonadotrophin is well 
tolerated, without any side-effects, even in daily doses of 12000 
I.U. administered on three subsequent days. 

In all the cases intravenously treated with crystalline chorio- 
nic gonadotrophin marked stimulation of the ovaries was 
noticed. This stimulatory effect manifested itself in a forced 
production of oestrogenic hormones coinciding with a highly 
increased follicular growth. The increased production of oestro- 
gens seems to influence the pituitary, acutely depressing the 
production of its follicular stimulating hormone. As a conse- 
quence the follicles cease developing and the great Graafian 
follicles then show signs of atretia. However, the increased 
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production of oestrogenic substances due to the action of ihc 
chorionic gonadotrophin seems after the first acute depression 
to induce a dear stimulation of the pituitarj* body, as by the 
administration of high doses of crystalline chorionic gonado- 
trophin to amenorrhceic patients, ^ve succeeded in provoking 
rythmical bleedings from a progeslional endometrium in the 
secretory phase. This phenomenon signifies that a sponta- 
neous cycle vras induced. If these preliminary' results could 
be verified on a greater material, it would mean a new path%vay 
to the effective treatment of amenorrhcea related to pituitary 
hypofunction. Furthermore it seems to be obvious from the 
investigations described aliove that combined treatment with 
pregnant mare serum gonadotrophin specially increases the 
chances of a successful therapy in amenorrhcea. Still more 
promising results may be expected if pregnant marc serum 
gonadotrophin will also be available in a pure form. For the 
isolation of this hormone experiments are going on in our 
laboratories. 

As can be seen from this short discussion, the reported re- 
sults concerning the clinical application of crystalline chorio- 
nic gonadotrophin have clarified in broad outlines the problems 
connected with the mode of action of this hormone. Howci'cr, 
the limited number of cases hitherto obsen.'cd makes it hardly 
possible to analyse these problems in detail. Further experi- 
ments on the role of the crystalline chorionic gonadotrophin in 
the relationship between gonads and the hypophyseal-dien- 
cephalic system and a critical review of the corresponding li- 
terature will be published later. 

SU.MMARY 

1. A method is described for the isolation of chorionic go- 
nadotrophin from the urine of pregnant women in crystalline 
and electrophorelically homogeneous form. 

2. This cry'stalline preparation possesses a constant biologi- 
cal activity of 6—8000 I.U. per mg. 

3. The cry'staliine chorionic gonadotrophin shows a marked 
stimulatory action on the growth and maturation of the fol- 
hcles and on (he formation of corpus Inlcum in intact mice 
rats and rabbits, but fails to do so in hj-pophysoclomiw.l rats! 
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In liiis IsUlc'r Hroup llie cryslalline hormone produces only an 
extensive dcvelopmcnl of the ovarian inlerslilial gland. 

4. The intravenously adminislercd crystalline chorionic go- 
nadotrophin is well tolerated by j)aticnts even in daily doses as 
high as 12(}()() I.U. injected on three subsequent days. 

0 . Intravenously administered crystalline chorionic gonado- 
trojdiin gives rise to an increased follicular growth in the human 
ovary and to a forced production of oestrogenic hormones. The 
increased follicular growth is .soon followed by atretia of the 
.greatest Graafian follicles. 

In the treatment of amcnorrh(i.*a due to pituitary hypofunc- 
tion, high doses of intravenously administered crystalline cho- 
rionic gonadotrophin may induce bleedings from the progestio- 
nal endometrium. This fact underlines the importance of the 
crystalline prc])aration as a thera])cutic agent in amcnorrhoea 
due to ])ituitnry insufficiency. 

7. Cryslallino chorionic gonadotro])hin combined with small 
doses of i)regnant mare scrum gonadotrophin (follicle stimula- 
ting hormone) jiroduccs an intensive dcvcloi)mcnt of the 
follicles. I'he granulosa and theca cells do not .show any signs 
of degeneration. Follicular inipturc and cori)us luteum forma- 
tion takes i)laco in contrast to the effects induced by the 
action of crystalline chorionic .gonadotrojdiin administered 
alone. 
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From the Hormone Department 
of the State Serum Institute, Copenhagen. 


NORMAL URINARY EXCRETION OF NEUTRAL 
17 -KETOSTEROIDS YTTH SPECIAL REFERENCE 
TO AGE AND SEX VARIATIONS") 

BY ' 

CHRISTIAN HAMBURGER 

The colorimetric determination of 17-kctosteroids in the 
urine by means of the Zimmermann reaction has been em- 
ployed extensively as a diagnostic adjuvant in clinical me- 
dicine. Because of the accuracy and simplicity of this clicmical 
reaction, in most places it has replaced the circumslanlial, 
space-requiring and not very accurate biological lest (the capon 
comb test). 

Tlie steadily increasing number of clinical hormonal ana- 
lyses that have been carried out in the Hormone Department 
of the State Serum Institute made it more and more difficult 
to perform the capon comb lest for the androgen content of 
the urine in a safe and reliable way even tliough we had 
several hundred capons at our disposal. In March 1947, the 
acquisition of a spectrophotometer made it possible for us to 
adopt the chemical 17-ketosteroid determination completely 
or in part. 

The different biological effects of the 17-ketosteroids in 

) A preliminary account of (he investigations was made (lie 
subject of a paper given at the meeting of the Danisli Society for 
Endocrinology held on October 1, 1917. 

Acta endocrinol. Vol. 1. I. 
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the urine, however, naturally brings about that the chemically 
measured values will not necessarily be identical A\ith the 
values found by the biological method. So, on turning from the 
capon comb test to the colorimetric technique we were not able 
off hand to make use of our normal material obtained by capon 
comb tests {Hamburger, Halvorsen & Pedersen, 1945) as a 
basis for comparison in the clinical hormone analyses. We had 
to obtain a new control material based on chemical analyses. 
Indeed, this was required in particular, as the literature so 
far had brought rather scanty reports on fairly large normal 
materials with regard to the excretion of 17-ketosteroids. 

Barnett, Henly, Morris & Warren (1946) have tabulated 
several normal materials reported from 1939 to 1946, including 
their own cases, but the materials presented by the individual 
laboratories comprised merely between 9 and 24 Individuals 
of either sex. Among the authors not included in this schematic 
survey, mention is to be made of Scott & Vermeulen (1942), 
Talbot & Butler (1942) and Venning & Kazmin (1946). In 
most of these materials the younger and middle-aged individ- 
uals were found to show an average 24-hour excretion of ap- 
proximately 13 mg. for men, and 9 mg. for women, whereas 
Luft (1943) found considerably higher values for both sexes. 
Recently a large material has been reported by Forbes, Donald- 
son, Reifenstein & Albright (1947), who in 73 young men 
found the average excretion to be 12.5 mg. per 24 hours, in 
65 young women 8.2 mg. As to the limits, lower and up- 
per, for the average normal excretion in the materials men- 
tioned, they may roughly be set at one-half and the double 
of the average. The largest material of children has been re- 
ported by Nathanson, Towne & Aub (1941), who found very 
low values in children under 9 years, then an increase during 
puberty with somewhat higher values for boys than for girls 
— findings that have been confirmed by later investigators. 
As to the excretion of 17-ketosteroids in old people, various 
reports of a few cases have been published now and then, 
showing considerably lower values than found for the younger 
individuals. Hamblen et al. (1939), however, found the excre- 
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tion to be higher for women during and after the climacterium 
than for younger women. Still, so far no systematic investiga- 
tion into the variations of the IT-ketosteroid excretion in the 
various age-classes appears to have been carried through. 

The main purpose of the present studies has been to obtain 
a normal material ranging from childhood to senescence, and 
sufficiently large for division into age-classes. 


MATERIAL AND TECHNIQUE 

Urine. — The specimens of urine analyzed here originate 
exclusively from apparently healthy men and \vomen giving 
a negative history as to present or recently passed diseases. 
Thus we have refrained from using any specimens of urine 
obtained, for instance, through surgical clinics from otherwise 
healthy persons who had suffered some fracture or other ac- 
cidental injury, because Forbes ci al. (1947) were able to 
demonstrate that any form of traumatic injury niay influence 
the 17'ketosteroid excretion (cf. Selijc’s ?>gcncral-adaptntion- 
syndrome«). A total 24-hour specimen of urine w'as obtained 
from each individual, precise instructions being given as to 
the collection of the urine. In a few cases the 24-hour output 
of urine was collected daily for some length of lime in order 
to estimate the individual variations in the 24-hour excretion 
of I7-ketosteroids. 

Extraction and Purification of the Extracts. — Combined 
acid hydrolysis and benzene extraction was emi)Ioycd. TJie 
residue from the benzene extract was dissolved in ether, from 
which the neutral I7-kctoslcroids were separated by shaking 
■with NaHCOg, NaOH and water. The ether w'as evaporated, 
and the residue was dissolved in absolute ethyl alcohol (in an 

amount corresponding to one 24-hour output of urine in 40 
ml.). 

Chemical Reaction. ~ We have employed the Callow modi- 
fication of the Zimmermann reaction, following strictly the di- 
rections given by Callow, Callow & Emmens (1938) . 

Colorimetric Assay. — This is made by means of a Coleman 
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spectrophotometer (Junior model A) with two sixwolt ac- 
cumulators for source of current. The original round 19-mm. 
cuvettes (No. 6 — 302) were used. In the normal material which 
will be presented here the analyses were made in triplicate, 
and the absorption was measured at 10 different wave-lengths, 
distributed evenly from 400 to 700 m[i. (This was done with 
a view to investigations of the validity of the application of 
color correction equations. Routine assays were performed in 
duplicate, and the absorption was measured only at 530 and 
470 mix). For the sake of control, a test with 0.10 mg. an- 
drosterone was made daily. 

Calibration Curve for Androsterone. — In tests with doses 
of up to 0.15 mg. androsterone the calibration curve is found 
to form a straight line. Among 223 tests with 0.10 mg. an- 
drosterone only four measurements fell outside the range of 
D 0.59 — 0.70 and the average D value (= ^optical densitij«) 
was 0.65. 


CORRECTION FOR UNSPECIFIC CHROMOGENIC 
COMPOUNDS 

The absorption curves throughout the visible spectrum give 
a good expression for the more or less pronounced deviation 
of the urine extracts from the pure 17-ketosteroids with re- 
ference to the quality of the reaction color. The tendency of 
the urine extracts to give color tones with a brownish tint is 
largely due to unknown chromogenic urinary elements, al- 
though also 3-ketosteroids and 20-ketosteroids may contribute 
to the unspecific color reaction {McCullagh, Schneider & 
Emery, 1940). 

Fig. 1 shows three examples of absorption curves from our 
normal material, namely: the purest urine extract (K 5 a), a 
fairly pure one (K 115), and a very unspecific one (K 122), 
together wdth the curve for the non-ketonic fraction from the 
Girard process. Besides, in this graph three average curves 
have been drawn for different androsterone concentrations 
(0.75, 0.50 and 0.25 mg./ml.). It will be noticed that the ab- 
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FUj. I. 

Absorption curves for androstcronc (0.75, 0.50 and 0.25 mg./ml.) 
three different urine extracts (K 5 a, K 122 and K 115), and the non- 
Petonic fraction from the Girard process (N-K P). 

. Ordinate: optical density. Abscissa: wave length in mu. 


sorption maximum for pure 17-kcloslcroids is found at 530 
m^i, whereas the non-ketonic fraction has its maxiimiin in llie 
extreme violet field, and — with regard to the form of their 
curves — the urine extracts fall between these two extremes. 

While tlie form of the absorption curves for the urine ex- 
tracts is subject to wide variation from one individual to 
another, the curves remain slriklingiy constant for one and 
the same person if the urine is examined at intervals of weeks 
or even several months. So, in ihc individual person, the pro- 
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portion between the amounts of 17-ketosteroids and unspecific 
chromogenic urinarg elements must he fairly constant. 

A numerical expression for the deviation of the urine ex- 
tracts from the values for pure 17-ketosteroid solutions can 
be obtained by calculating the proportion between the absorp- 
tion in the blue (or violet) field and in the green zone. For 
17-ketosteroids we have found D 470/D 530 = 0.60, for the 
non-ketonic fraction = 1.27 while the quotient for most of 
the urine extracts falls between 0.70 and 0.90, on an average 
higher in extracts with a low 17-ketosteroid content. (The 
three urine extracts in Fig. 1 showed a quotient of 0.66, 0.75 
and 0.98, respectively). 

As an attempt to avoid the overestimation of the 17-keto- 
steroid content of the urine extracts resulting from the pre- 
sence of unspecific compounds, we have treated a number of 
urine extracts, differing greatly in their 17-ketosteroid content 
after the micro-Girard process given by Pincus & Pearlman 
(1941), or by absorption to MgO (Bowman, 1945). We found 
the percental yield to vary with the amount of 17-ketosteroids 
in the extract, and the separation of the ketonic and the non- 
ketonic fractions was incomplete and inconstant, so that these 
methods had to be looked upon as rather unsuitable, besides 
being all too circumstantial for clinical routine analyses. 

So, for elimination of the influence of the unspecific chro- 
mogenic substances upon the measurements of the reaction, to 
us it seemed preferable to use a color correction equation. 
Various methods of calculation have been suggested for this 
purpose, all being based upon the proportion between the ab- 
sorption at 520 — 530 mj^i and at lower wave lengths. The ac- 
curacy of this correction method may be controlled by adding 
varying, known, amounts of 17-ketosteroids to urine extracts 
with a very low 17-ketosteroid content or, preferably, to the 
non-ketonic fraction and then submit the measurements ob- 
tained to the corrective calculation. The method which in our 
hands has given the best results is the formula worked out 
by Gibson & Evelyn (1938) —and, as far as that goes, this 
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formula also appears to be the one emp oyed 

Thus, the serviceability of this tonnula has been ml 

Ihouroughly aud described by Fraser el al. (W*’) 

Berman & MacLachlan (1942). Adapted tor the I7-kctosteroid 
determinations the formula of Gibson & Eveli/n is: 

(K,Xg,)-h, 

Sk “ iT^TK ’ 


in which g = the corrected absorption measurement in green 

light, and K. = — = the proportion between absorption in 
Si 

blue light and in green light for the non-ketonic fraction; 
r/ — — the same proportion for pure 17-kelosteroids; 

S cf 

Os 

g = absorption of urine extract in green light, and b^ = ab- 
sorption of urine extract in blue light. 

As mentioned above, we have found = 0.60, and on 
the basis of measurements on the non-ketonic fraction {Gi- 
rard} from 15 urine extracts from 10 men and \vomen in dif- 
ferent age-classes wc found K. = 3.27. In order to avoid all 
calculations we have constructed a nomogram, presupposing 
the above mentioned values for and K^, and further as- 
suming that 0.10 mg. 17-ketosteroids gives a D value of 0.65 
at 530 mg, and that the amount of urine extract employed 
for the reaction corresponds to 1/200 of the 24-hour urine. 
As the principle of this nomogram may reasonably die looked 
upon as serviceable to other ‘laboratories too, it is given here 
(Fig. 2). The corrected 17-ketosteroid value (recorded in mg./ 
24-hours) is found as the point where a straight line through 
the values obtained for D 530 and D 470 intersects the third 
line. 

It is to be emphasized that all color corrections give merely 
approximately correct values, as they presuppose the unspeci- 
fic chromogenic compounds of different urine extracts to have 
the same absorptive aspects as the non-ketonic fraction 
something we hardly may take for granted. But there can be 
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Color correction nomogram, based on Gibson & Evelyn's formula. 
Presuppositions: D 470/D 530 for pure 17-ketosteroid = 0.60, and 
D 470/D 530 for the non-ketonic fraction = 1.27, besides D 530 for 
0.10 mg. 17-ketosteroids = 0.65, and provided that the I'eaction is 
performed with an amount of extract corresponding to 1/200 of the 

24-hour urine. 


no doubt that the corrected values thus obtained will come 
nearer the true value than the uncorrected, and in practice 
this form of correction has proved highly serviceable. 
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VARIATIONS IN THE 17-KETOSTEROID OUTPUT 
from day TO DAY . 

When we are to estimate the analytical findings in the 
urine, the question suggests itself at once as to how muc 
the output may vary from day to day in the same person. 
Werner (1943) investigated the 24-hour output of 17-l<eto- 
steroids in 5 young men for some months and found devia- 
tions from the mean as high as up to 50 per cent. Venning & 
Kazmin (1946) examined the urine of 3 men and 1 woman, 
through 2 weeks and found the limits for the 17-ketosteroid- 
excretion in these subjects to be respectively 16—29, 10—18, 

12 19 and 14 — 27 mg./24-hours (calculated on the basis of 

48-hour specimens). 

We have tried to elucidate this question through examina- 
tion of two normal men and two normal women, the analyses 
being performed partly on single 24-hour specimens at inter- 
vals of months, partly by continued daily assays through 1 
or 2 weeks. The results are recorded in Table 1, from which 

1 / 2'd^ 

it is evident that the dispersion (8= 1/ ) for the daily 

p n I 

variations is respectively: 2.1, 1.4, 1.4 and 1.5. As there is 
no statistically significant difference between these four dis- 
persions, the total dispersion has been calculated and found 
to be 1.76 [f(= degrees of freedom) = 45] with an average 
17-ketosteroid content of 12.0 mg./24-hours. 


In contrast to most other investigators, Hollander, Ki'iss, Klevip- 
ner Frank (1943) found the daily variations (for the androgen 
content of the urine, estimated biologically) to be smaller when the 
content was calculated per liter than per 24-hours. No decisive 
answer to this question is afforded by the present material, as the 
two men showed no relation between the 17-ketosteroid output and 
the volume of the 24-hour urine (see Table 1) whereas in the 2 young 
women there appears to be some relation between the two values. 

nerTitr reason for calculating the output 

L-hour outpm^ U-ketosteroid excretion is proportional to the 
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Table i. 

Variations in the 2i-liour Output of il-keto steroids in 2 Normal Men 

and 2 Normal Women. 


Date 

24-liour 

urine 

17- 

keto- 

steroitls 

mg/24 

hrs. 

Deviation 

from 
the mean 
value 

Date 

24-hour 

urine 

H 

Deviation 
from 
the mean 
value 

Man, aged 43 years 


Woman, aged 23 years 

12/3-47 

850 

15.0 

+ 1.7 

23/3-47 

1020 

10.3 

+ 0.5 

10/4 

1225 

14.8 

+ 1.5 

30/4 

740 

8.9 

— 0.9 

11/4 

1400 

12.0 

— 1.3 

14/5 

670 

9.8 

0 

12/4 

980 

13.5 

+ 0.2 

27/8 

610 

10.2 

+ 0.4 

13/4 

1140 

10.5 

— 2.8 

24/10 

590 

7.9 

— 1.9 

14/4 

1030 

11.0 

— 2.3 

25/1-48 

660 

11.0 

+ 1.2 

15/4 

930 

11.6 

— 1.7 

26/1 

580 

9.0 

— 0.8 

16/4 

900 

15.3 

+ 2.0 

27/1 

440 

9.2 

— 0.6 

17/4 

1040 

11.4 

— 1.9 

28/1 

535 

9.5 

— 0.3 

18/4 

950 

13.0 

— 0.3 

29/1 

760 

12.3 

+ 2.5 

19/4 

1050 

15.8 

+ 2.5 

30/1 

500 

7.6 

— 2.2 

20/4 

980 

9.5 

— 3.8 

31/1 

980 

11.4 

+ 1.6 

21/4 

1080 

10.4 

— 2.9 

1 Mean value 

9.S 

S = i.i 

22/4 

1060 

12.8 

— 0.5 





27/1-48 

1100 

15.9 

+ 2.6 





28/1 

1170 

15.1 

+ 1.8 





29/1 

1120 

12.9 

— 0.4 





30/1 

1220 

16.8 

+ 3.5 





31/1 

1140 

15.1 

+ 1.8 





1/2 

1180 

14.6 

+ 1.3 





2/2 

1190 

11.9 

— 1.4 





Mean value 

13.3 

S = 2.1 





Man. aged 36 years 


Woman, aged 18 years 

25/3-47 

1370 

14.0 

— 0.6 

17/4-47 

>2 C 

1 

O 

00 

o 

CO 

00 

23/1-48 

1500 

15.9 

+ 1.3 

. 29/1-48 

790 ■ 8.3 — U.9 

24/1 

1230 

17.5 

+ 2.9 

30/1 

700 8.3 —0.9 

25/1 

1065 

14.0 

— 0.6 

31/1 

650 7.9 —1.3 

26/1 

1680 

14.6 

0 

1/2 

870 9.7 + 0.5 

27/1 

1320 

14.2 

— 0.4 

2/2 

900 12.2 + 3.0 

28/1 

930 

12.9 

— 1.7 

3/2 

820 10.1 + 0.9 

29/1 

1740 

13.9 

— 0.7 

4/2 

1120 8.9 —0.3 

Mean value 

U.6 

S = 1.4 

Mean value 

9.2 S = l.S 
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In our material recorded in Table 1, as a mailer ol fact 
the total dispersion is hut very little greater than the dispersion 
in the technical variation. So, the possibility cannot be refuled 
that the daily variations demonstrated here may large y )C 
due to the technical variation.*) 


DEPENDENCY OF THE 17-KETOSTEROID OUTPUT ON 
THE AGE AND SEX OF THE INDIVIDUAL 

The main purpose of the present studies has been to ascer- 
tain the average 17-kctostcroid output in normal men and 
women in all age-classes and to establish the upper and lower 
limits for the normal output, so that Ibis material might be 
used as the basis for comparison with our 17-ketosicroid as- 
says on urine from patients with various diseases. 

The material comprises 7S7 normal male snbjecls from ,‘j 
io 102 years old and 127 normal females, from 2 to 92 pears 
old. The outcome of this investigation is prcscnled graphically 
in Fig. 3, which also gives the analytical result from 10 male 
castrates, who were included in order to obtain information 
about the part played by the testes in the total 17-kcloslcroid 
output. 

From Fig. 3 it will be noticed that, on the whole, the male 
output keeps at a higher level than the female output, although 
the values are overlapping rather extensively. From this grapli 
it is further evident that the onlpiit for male castrates is of 
about the same magnitude as for the women. Finally, the ma- 
terial indicates that the greatest output lakes place at the 
ago 20 — 30 years. 

The average output in male and female subjects is il- 
lustrated graphically in Fig. ^ Within each age-class covering 
0 years (0—9 years, 10—19 years, and so on) the average 
age and the average output arc plotted in the graph as circles, 
then the mean curve is drawn after it has been made sure 


) The statistical calculations 
Ttep. of the Stale Scrum Inslitiilc 


arc performed in the Slali.tlical 
by G. lia-mh, Ph. D. 



0 10 20 30 40 50 60 70 80 90 lOO 

Fig. 3. 

24-hour output of n-ketosteroids in 137 normal male subjects (®), 
127 normal female subjects (o), and 10 male castrates (-k). 
Ordinate: rog./24-hours (corj'.). Abscissa: age of the subject 

that its form did not change when the average calculation was 
made on the basis of the age-classes 5 — 14 years, 15 — 24 years, 
and so on. The output of the boys and girls kept parallel until 
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Fig. ^ 1 . 

Average excretion of n-l;ctosleroUh i)ei- day in noi-mal men (upper 
full-line curve) and in noi'inal women (lower full-lino curve); (he 
figures in tlie circles give the numher of individuals in llio agc-class 
concerned. The dotted curve represenis the difference Ijetweon the 
male curve and the female (= contrihulion hy the testes in the 17- 

ketosteroid e.xcretion). 

Ordinate: mg/2'i-hours (corr.). Abscissa: age of the subject. 


the age of 15 years, whereafter the male curve throughout life 
kept at a higher level than the female curve. For cither sex 
the maximum falls at the age of about 25, amounting to lo.-l 
mg./24-hours for the males, and 10.0 mg./24-hours for the 
females. Through the following decades the men show a 
gradual fall, while in the women there is a rather sleep fall 
unto the middle thirties, which is followed hy a plateau to the 
age of 50 — 60, and then by a graduate fall. Hamblen el al. 
(1939) found the 17-kelosteroid secretion to lie al a higher 
level after the climacterium than ])eforc. The authors look 
this to signify a compensatory hypertrophy of the adrenal 
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cortex, after the cessation of the hormonal function of the 
ovaries. A mere glance at Fig. 4 will show that our results 
positively go against this view. 

It is the general consensus of opinions that in men the 
17-kctostcroids originate from the testes as well as from the 
adrenal cortex. Consequently, the difference between the male 
and female curves will represent the partition of the testes in 
the 17-ketosteroid output. This assumption is corroborated 
by the circumstance that we have found the output to be of the 
same magnitude in women and castrated men. The curve re- 
sulting from such a subtraction is shown in Fig. 4 (the dotted 
curve). It is rather remarkable that this curve takes quite the 
same form as the average curve previously obtained after the 
biological method for assay of the normal androgen output 
in men (Hamburger, Halvorsen & Pedersen, 1945); further 
the increase in the output observed in puberty was seen to 
continue through adolescence and attain a maximum at the 
age of 30 — 40 years. These findings make it even more pro- 
bable that the mean curve for the women — at any rate, 
quantitatively — represents the adrenal cortical excretion of 
17-ketosteroids in both sexes, and that the higher level of the 
male curve is due to the addition of 17-ketosteroids from the 
testes. Accordingly, the 17-ketosteroid production from the 
adrenal cortex would attain its maximum already in the twen- 
ties, while the maximal 17-ketosteroid production from the 
testes, comes about fen years later. 

As has been mentioned already, the values obtained with 
the biological test (capon comb method) and the values ob- 
tained through the Zimmermann reaction are not necessarily 
identical. The 17-kctosteroids — among which androslerone, 
dchydro-fso-androstcrone and etiocholanolone are most 
abundant — give the same color development, qualitatively as 
well as quantitatively in the Zimmermann reaction (Baumann, 
Metzger & Sprinson, 1942). We have found that, in biological 
assays, androslerone is 5 limes more active than dehydro-i-w- 
androstcrone, and etiocholanolone is reported as having no 
biological effect. Thus, it was not to be expected we might 
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find any particular agreement between the clicm.cal and bio- 
logical values obtained unless the mutual quantitative rela- 
tions between the various 17 -ketosteroids were coiistaut. That 
this is not the case, however, is evident from the studies on 
the androgen output of the male easlralc as determined bio- 
logically and the 17-ketostcroid excretion demonstrated 
chemically. Thus, while normal middle-aged men on an 
average excrete androgenic substances corresponding to about 
50 I. U. of androsterone per day, the male castrates were found 
to excrete about 10 I. U. per day, making the proportion be- 
tween the two groups 5:1. In assays by means of the Zimmer- 
mann reaction we found this proportion to be 2:1. The only 
reasonable explanation of this difference, must be a consider- 
able difference in the mixture of 17-kctoslcroids in the urine. 
As far as that goes, the slight difference in the 17-kctoslcrojd 
output in normal and castrated men has been dcmonslralcd 
already by Callow, Calloiv & Emiuens (1940), but the practical 
consequences of these observations to the clinical hormonal 
analyses appear not to have been recognized parlicularly. For, 
from these it would be natural to conclude that the biological 
method, which shows the more pronounced difference between 
normal and castrate values, -will also give a more reliable in- 
formation about the hormonal function of the testes, and hence 
it wilt seem preferable when this information is desired, where- 
as the chemical method is superior when it comes through 
hormonal analysis to throw light on the slate of the adrenal 
cortex. 

According to some preliminary examinations (Bamhiirgcr, 
1947) the anfimonij trichloride reaction for 1 7-kcloslcroids 
elaborated by Pincus (1943) gives a greater difference between 
the urines of normal and castrated men than does the Zim- 
mermann reaction. So, if these findings be confirmed by a more 
comprehensive material it may be reasonable to look upon 
his method as preferable for information concerning the role 
of the testes in the 17-kcloslcroid excretion. 

In the clinical hormonal analyses, not only the average 
values tor the normal n-kelosleroid cxcrelioii .n-c of iiilcrcsl: 
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lUnrlion o/ 17 Icroitls in normal nit'n ami woman. Tlio Mack 
liim ;-lio\v.-> the aviTa>,'<' output, ami tlia stii)pl(>(l area pivos the zone 
within which 5)7 5ts j.cr cent of the \ allies in our matcn-ial have 

fallen. 

Onlinato: mt;/2Miouis (eorr.). .Xhseissa: age of the subject. 

Ill least the liiiiils, tiiijier :m<l lower, for the ouliutl in the dif- 
ferent tiife-elnsses are etiually important. In Fij;. a the stippled 
urea f^ives the field wilhin which tl7— 5KS per cent of the values 
in our normal material have fallen, rcspcelively in male and 

fetmile suhjee.ls. _ 

From this, it is evident that if the upper and lower limits 
were to he given in numerical values, it would reepure a rathei 


35 


extensive tabulation, with the material divided into 
SOS of 10 years. This difficulty, for instance, made Talbot d. 
Butler (1942) leave out numerical values in the work of Ihc 
clinical significance of 1 7-l<elosleroid assays, replacing them 
willi symbols for the low, moderate and high excretion as 
compared to the respective normal values. To us it seemed 
preferable to reproduce the diagrams from Fig. 5 on our reply- 
cards and to indicate the value by a pencil-mark. Also when 


summarizing larger materials concerning the 17-kclostcroid 
output in pathological conditions, this way of graphical ic- 
cording of the values obtained has the advantage that it offers 
a more rapid survey of the findings than does a tabulation. 


I wish to give my best thanks to everybody who has helped 
me in getting the many 24-hour urines; in particular, I am 
greatly obliged to Miss Crete Holm for her valuable technical 
assistance. 


SUMMARY 

The purpose of these studies has been to oblnin a suf- 
ficiently large material for elucidation of the depcndcnc\} of 
the 17~lcetosteroid output upon the sex and ope of the in- 
dividual and thus, at ihc same time to establish a com])arative 
basis for the estimation of the clinical hormonal analyses. 

The material comprises dctcrminalions of the 24-hour out- 
put of neutral 17-kelosloroids in id? normal males, from />’ to 
702 pears old, and in 7 oj uormal females from 2 to 92 pears 
old; m addition, 10 middle-aged male castrates arc included. 

Technique: Combined a6id Jiydrolysis and benzene extract- 
ion IS employed. The n-kclosteroid content of the urine is 
assayed by means of the Callow modification of the Zimmer- 
mann reaction. The photometric measurements arc made bv 
means of a Coleman spectrophoiomcicr (Junior mode! A). The 
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values thus obtained are corrected for unspecific chromogenic 
urinary elements by means of a nomogram, constructed on 
the basis of Gibson & Evelyn’s color correction equation. 

Results: An account is given of the individual diurnal va- 
riations in the 17-ketosteroid output. For both sexes the 
average output was found to rise abruptly during puberty and 
adolescence, and reaching a maximum at the age of 25 years, 
amounting to 15.4 mg. per day for the men, 10.0 mg. per day 
for the wmmen. In the men the output was falling gradually to 
senescence. In the women there was an abrupt fall in the 
output from the age of 25 to the middle thirties, followed by 
a plateau to the age of 50 to 60 years and then a gradual fall. 
The lower and upper limits for normal output were found 
in all age-classes to lie respectively at about 50 per cent under 
and about 50 per cent over the average output. Comparisons 
have been made between the normal material thus obtained 
after the chemical method and the previous normal material 
determined in this department after the biological method. In 
addition an account is given of the 17-ketosteroid excretion in 
male castrates. Finally the theoretical and practical conse- 
quences of these comparative studies are discussed. 
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From the Biological Department 
of Lovens kemiske Fabrik, Copenhagen. 

OESTROGENIC, ANDROGENIC AND 
GONADOTROPHIC SUBSTANCES IN THE URINE 
OF NORMAL WOMEN 
SEX HORMONE ANALYSES I 

BY 

K. PEDERSEN-BJERGAARD AND M. T0NNESEN 

The following comprises a survey of the excretion of 
oestrogens, androgens and gonadotrophins in the urine of 
normal female individuals, children as well as sexually mature 
women with a normal menstrual cycle, and post-climacterial 
women. 

By normal menstrual cycle we understand a regular cycle 
of a duration of 25 to 31 days, and a bleeding time varying 
from 2 to 5 days. The hormone excretion in menstrual dis- 
orders will he dealt with in a later publication. 

Working independently, Frank, Frank, Gustaoson &. 
Weijerst and Loewe in 1925 published their investigations, 
made with the aid of the Allcn-Doisij test, on the presence of 
oestrogenic substance in blood from women. The following 
year Frank & Golclberger (1926) published a method of prepa- 
ration for demonstrating oestrogenic substance in the blood. 
After Loewe & Lange (1926) as the first had proved the pre- 
sence of oestrogenic substances in the urine of normally nien- 
stuating W'omen, Siebke (1930) and Frank (1931) described 
methods for the constant demonstration of oestrin in the urine 
of normal subjects. As the content not only of oestrogenic but 
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dso of androgenic substances and gonadotrophin in the blood 
and urine of normally menstruating women is so small that 
they can still be determined biologically only after previous ex- 
traction or precipitation, thus bringing the particular hormone 
into a more concentrated solution, these pioneer works, to-, 
gether with Zondek’s alcohol-precipitating method (1930 11) 
for demonstrating gonadotrophin in urine, and 'Frank, Gold- 
berg & Spielman’s method (1931) for demonstrating this sub- 
stance in the blood, signified a great advance in clinical hor- 
mone analysis, even if the methods in use today are much 
better than those first described. 


TECHNIQUE 

1) Collection of urine. 

In analyses for the three different hormones in the urine 
of normal, non-pregnant individuals a concentrated extract of 
the total diurnal output must be prepared, because the hor- 
monal content is so small that a direct injection of the urine 
will not give a positive result, dt any rate not by the biological 
assay methods available today. What is more, both androgenic 
and oestrogenic substances in the urine occur to some extent 
in a coupled, inactive form which must first be split before 
the full biological expression of the hormone content in the 
urine is obtainable. 


As the results are given in terms of the daily output, which 
is a more reliable method than recording the output per litre, 
it is vital that the 24-hour urine should be collected mth the 


greatest care. The collectors were therefore instructed to empty 
the bladder at the time collection was to begin. The urine was 
thereafter collected up to and including the last urination ex- 
actly 24 hours after the bladder was emptied. The urine wms 
then processed as quickly as possible after collection; in some 
cases where collection took place in the provinces, a period 
of up to a week might elapse from the time of collection until 
the urme could be dealt with. In order to prevent any de- 
structive etfeet of bacterial infection on the active substances, 
flasks of 1000 ml. for urine collection contained an anti- 
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septic: 5 ml. chloroform + 15 ml. rectified alcohol. Where 
gonadotrophin and oestrogen analyses were made simultane- 
ously, urine for two full days was collected and, after mixing, 
divided into two portions and each analysed for its hormone 
If simultaneously an analysis was made for androgenic hor- 
mone, three days’ urine was collected and in the same man- 
ner after mixing divided into three equal portions for the 
determination of each hormone. 

2) Preparation of gonadotrophin extracts. 

The gonadotrophic hormones are precipitated by the method 
of Levin & Tyndale (1936) by adding 20 ml. of a 20 % tannic 
acid solution per litre urine after adding to the urine 7 ml. 
acetate acetic acid pH 4.75 per litre. The sediment centrifuged 
from one day’s urine is dissolved in 45 ml. borate buffer pH 
9.5 {Thomsen & Pedersen-Bjergaard (1936) ) after being wash- 
ed in several portions of absolute alcohol and acetone and 
dried. 

Infantile female rats were used for the tests in the gonado- 
trophin determinations. 

3} Preparation of androgenic and oestrogenic urine extracts. 

Glimm & Wadehn (1929) were the first to draw attention 
to the fact that the oestrogenic substances excreted in the 
urine occur in an ether-soluble and an ether-insoluble form. 
They converted the ether-insoluble to the ether-soluble form by 
heating the urine after its reaction had been made acid. They 
found that the ether-insoluble part represented about 15 % of 
the physiologically active substance. 

Marrian (1930) showed that heating the urine after adding 
acid brought about an easily demonstrable increase of the 
oestrogenic properties of the urine. This was subsequently con- 
firmed by Doisij, Veler & Thayer (1930) and many others. 

After Adler (1934) had shown that the androgenic sub- 
stances in the urine like the oestrogenic substances occur partly 
in the free form, almost insoluble in water but readily soluble 
in lipoid solvents, and also that the bound forms can be broken 
down by heating with the required quantity of a strong acid. 
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whereupon the liberated androgenic and oestrogenic substances 
can be extracted with a lipoid solvent, we employed the fol- 
lowing procedure for isolating these substances from unne 
a procedure which in principle is the same as that described 
by Dingemanse, Borchardt & Laquenr (1937), combining 
hydrolysis and extraction. 

To 24 hours’ urine was added 40 ml. concentrated sulphu- 
ric acid per 1000 ml. urine; this was followed by extraction 
by boiling twice with 500 ml. carbon tetrachloride. All carbon 
tetrachloride was distilled from the extracts under vacuum. 
The extract thus obtained, containing the androgenic and 
oestrogenic substances from 24 hours’ urine, may now after 
dissolving in 10 ml. olive oil be titrated biologically for its 
content of oestrogenic substances on spayed mice and after 
dissolving in 10 ml. alcohol for its content of androgenic sub- 
stances on capons. 


4) Determination of hormonal content of extracts. 

a) Gonadotrophin. 

For titration purposes we employed 26 — 28 days’ old in- 
fantile female rats of Lovens kemiske Fabrik stock. The dosage 
was spread over 5 subcutaneous injections in the course of 48 
hours. Three animals for each dose were employed. The 
animals were killed on the fifth day, whereafter each uterus 
was isolated and weighed. The quantity of gonadotrophin pro- 
ducing an average tripling of the weight of the uterus with 


its fluid content was reckoned as one rat unit (R. U.). 

Titration was performed by injecting a series of doses 
(0.5 1.0 2.0 3.0 4.0 — 6.0 — 9.0 ml.) of the urine 

extract. The gonadotrophin content in the extract is found 
in the usual manner by means of a dose-response curve. ■ 

In order to check the accuracy of the results, 10 days’ 
unne from the same woman in the menopause was divided 
into 10 equal portions, whereupon 10 gonadotrophin analyses 
were made. The average value found was 40.2 R. U. per dav 
with a deviation of 12.2. ^ 

n ““‘'I™ w able to demonstrate 
R- D. per day m the urine. At first, however, we 
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followed the technique described by Thomsen & Pedersen- 
Bjergaard (1936), in which, instead of the uterine weight, 
judgment is based upon the anatomical picture of the vaginal 
mucous membrane of the infantile rats. Vaginal epithelium 
being more sensitive than the uterine weight to the oestrin 
mobilized by the gonadotrophin, the microscopic examination 
of the vaginal epithelium makes it possible to show down to 
Vs R. U. gonadotrophin, corresponding to 1 R. U. per day in 
the urine. 

b) Androgenic substances. 

The value here was determined according to Jensen, Peder- 
sen-Bjergaard & Tonnesen (1944), a method in which the 
biological test is made on capons by application to the comb. 
One capon unit (C. U.) is reckoned as 400 x the quantity of 
hormone which, administered in the course of four days, on 
the fifth shows an average increase of 20 % of the comb area, 
which very closely agrees with the quantity of hormone which, 
injected intramuscularly twice daily in the course of four 
days, on the fifth shows a corresponding increase of the comb 
area. 

For titration we employ adult, castrated cocks, which re- 
ceive 0.05 ml. of the aforesaid alcoholic extract direct on the 
comb once daily for four successive days, whereupon the comb 
area is measured on the fifth. 

Next, another set of capons is given 0.05 ml. of a suitable 
dilution of the alcoholic urine extract on the comb once daily 
for four successive days, the comb area being measured on 
the fifth. 

On an average we employ 10 capons per analysis, or 5 
per dose. The content of androgenic substance in the extract 
is ascertained by means of a dose-response curve. 

For the purpose of gaining an impression of the accuracy 
of the results arrived at, ten days’ urine from the same in- 
dividual was divided into ten equal portions and each portion 
analysed for androgenic substance. The average value found 
was 5.43 C. U. per day with a deviation of 2.56. 
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c) Oestrogenic substances. 

For titration we employed adnlt spayed mice of Lovcns 
kemiske Fabrik stock. The dose was divided over three sub- 
cutaneous injections in the course of 48 hours. Three — some- 
times six — animals were used per dose. The vaginal smeais 
were examined 72, 80 and 96 hours after the first injection. 
One mouse unit (M. U.) is the amount of oestrin producing 
complete cornification of the vaginal smear in 60 70 % of 

the animals. Titration was performed by administering a scries 
of dilutions according to the scheme described by Kemp & 
Pedersen-Bjergaard (1933). The oestrin content in the extract 
was found in the usual manner by means of a dose-response 
curve. 

The accuracy of the results was checked bj' dividing ten 
days’ urine from the same individual into 10 equal portions 
and making 10 analyses for oestrogenic substance. The average 
value found was 75 M.U, per day, deviation 18, using six 
animals to each dose. 


MATERIAL 

The investigation comprises the measured output from 360 
indhiduals aged from 3 to 79 years. Only one or some few 
analyses for gonadotrophic and oestrogenic substances were 
made for each individual, in all 672 single determinations of 
each of the two hormones were made. Androgen analyses w-erc 
not made with the same frequency as the other two, the total 
being 271 determinations. 

The urine came partly from healthy, able-bodied individ- 
uals, and partly from patients not suffering from any endo- 
crine disease. 


RESULTS 

1) Oestrogenic substances. 

Fig. 1 shows the output of oestrogenic substance by normal 
emales aged from 3 to 79 years. In all 672 values arc plotted 
representing 360 individuals. Each value is given in tlm fZ 
of a small black dot. The thick curve ~ average emn^ i 
icates the mean value appearing as the average of three-year 



Age in years 

Fig. 1. 

Output of oestrogenic substance in the urine of normal girls and 
adult women, expressed in mouse units per day. 

The curves are plotted through the average values for three years. 
The thick curve indicates the mean value. The two thin curves 
indicate the limits inside which 90 % of all values are placed. 
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periods. These triennial periods average 28 measurements 
each; the material, however, is somewhat heterogeneous in its 
distribution, most measurements being taken between the ages 
of 20 and 50 years, fewest for the youngest and oldest in- 
dividuals. From 3 to 12 years the oestrin output is quite 
minimal, amounting up to 3 M. U. in the 24 hours ; this 
agrees well with earlier works where, apart from the first 
post-natal days, in which Neumann & Peter (1932) found 
oestrogenic substances in the organism of the newly born, 
there are reports of only insignificant outputs of oestrogenic 
substances in the urine of children {Dorfman, Greulich & So- 
lomon (1937)). Nathanson, Towne & Aub (1941) observed 
faintly increasing output IVz years before the menarche and 
incipient cyclic fluctuations in the output. Dorfman, Greulich 







46 


& Solomon (1937), like Hamburger (1938), pointed out as far 
as boys are concerned that the output of children in puberty 
is not proportional ^^^th age but with the development of the 
sexual characters. From the age of 12 (fig. 1) there is a sleep 
increase in the output, which thereafter remains at the max- 
imum between the 20th and the 40th year, when it approx- 
imates between 70 and 80 M. U. per day. 

From the age of 40 the output of oestrin falls until about 
the age of 60 it has reached a value of 8 M. U., from which 
level it declines slowlj’’ towards lower values. 

Whereas the curve in fig. 1 — »the life curve« for oestrin 
— already begins to descend steeplj^ after the age of 40 be- 
cause some of the individuals tested have become climacterial, 
the upper curve in fig. 2, representing only the normally 
menstruating females aged from 14 to 52 years, shows a more 
constant level. 

The lower curve in fig. 2 represents in a similar manner 
the average annual values for women in and after the 
menopause, A characteristic feature of these two cun^es is 
their totally different levels. As long as the woman was 
menstruating, the average right up to the age of 50 years lay 
over 50 M. U,, whereas for the menopausal women the value 
lies at 10 or less. 

2) Gonadotrophin. 

Whereas the output of oestrin increases suddenly when 
the menarchc begins, the gonadotrophic hormone is mobilized 
slowly during growth, as fig. 3 shows. 

Fig. 3 shows the output of gonadotrophin hy normal 
females aged from 3 to 79 years. In all 672 values are re- 
corded, representing 360 individuals. Each value is shown as 
a small dot. The continuous curve — »the life curve« for 
gonadotrophin — represents the mean value appearing as the 
average of three-year periods. These triennial periods comprise 
an average of 28 measurements each, but the material is not 
homogeneous in its distribution, as more tests were made be- 
tween the ages of 20 and 50, less for the youngest and oldest 
individuals. From the age of 3 to 12 years the average output 
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Fig. 3. 

Output of gonadotrophic substance in the urine of normal girls and 
adult women expressed in R.U. per day. The curves are plotted 
through the average values for three years. 
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of gonad olrophin is very slight, amounting to one rat unit 
or less per day; from the age of 12, however, the output rises. 
This increase must undoubtedly be taken as an expression of 
an especially lively action of the pituitary gland in the years 
when genital development begins {Hamburger (1947)) and in 
fact has also been observed in boys {Hamburger & Halvorsen 
(1942)). At the age of 16 the curve reaches its first maximum 
at an output of 15 R. U. per day. After a fall to 9 R. U. per day 
around the age of 20 it remains at this level until the middle of 
the thirties, when the output again rises and continues to do so 
until the end of the sixties, when it reaches its second maximum 
at a value of 65 R. U. per day. After 70 years there seems to be 
another fall ; but as the material here is sparse, we would not 
venture to conclude that this fall is significant. 

Whereas the curve in fig. 3 from the age of 38 to 52 
includes females before, during and after the menopause, in 



Fig. 4. 

Curve A; Gonadotrophin output of normally menstruating women. 

Curve B: Gonadotrophin output of post-menopausal women. 
The curves are plotted through the average values for each year 
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fig. 4 we have divided the material into normally menstruating 
and post-climacterial women. 

As in the case of fig. 2, which shows the corresponding 
curves for oestrin, one observes the totally different levels o 
the curves for women before and after the menopause. But, 
in contrast to the curves in fig. 2. the curve for the normally 
menstruating women in fig. 4 is the lower one, and that for 

the menopausal women the upper. 

The explanation is that the oestrin output is reduced when 
the ovarial function ceases; at the same time there is a ces- 
sation of the regulating influence of oestrin upon the pituitary 
gland, whose output of gonadotrophins rises to a higher level, 
where it remains until the death of the individual. In the first 
two graphs in fig. 5 we see the output of two post-climacterial 
women. It should be interposed here, however, that the gonado- 
trophin output of post-climacterial women may periodically 
amount to low values; the normal, howmver, is an increased 


output (30 to 180 R. U. per day) in comparison with that of 
menstruating women, for whom the highest value measured 
is 25 R. U. per day. 

Among the first communications on increased gonado- 
trophin output by women after the menopause in relation to 
that of normally menstruating wmmen were those of Zondek 
(1930 I), who found an increase in 25 %, Ocsicrrcichcr (1932) 
in 90 %, and Sxthve (1933) in 92 %. Later on Zondek (1935) 
succeeded in finding increased output in 58 %, and Oesterrei- 
cher (1933) was actually able to demonstrate the increased 


output in all individuals, provided a sufficient number of 
analyses were made from each — after the menopause the 
same individual sometimes excreted the same amounl of 
gonadotrophin, sometimes higher quantities in relation to 
normally menstruating women. We have determined an in- 
creased output of gonadotrophin in 84 % of the post-nicno- 
pausal women examined in this paper. 

beef ..tr "'omon wo have 

flrtuaHnVf,.r 7“ <l*>nnlUios, 

trophin) f„ "r™'”’ (oralrin niicl gonado- 

Phm) to polyfoll.culm excretion (high oestrin _ normal 



50 


gonadotrophin) and polygonadolrophin excretion (normal 
ocstrin ~ JiigJi gonadotrophin). It was seen that the various 
pliascs fluctuated most arbitrarily. 

One example of the fluctuations in a single individual will 
he -seen in the last graph, fig. 5, in which in four successive 
months \vc made one determination of gonadotrophin and 
ocstrin once a month. 





Fiff. 5. 

Graph 1. Daily output of gonadotrophic liormone in the urine of a 
post -menopausal 58 year old woman. 

Graph 2. Output of gonadotrophic hormone and ocstrin in the urine 
of a post-menopausal 55 year old woman. 

Graph 3. Output of gonadotrophic hormone and ocstrin in the urine 
of a prcclimacterial 17 year old woman. 

Abscissa; Days. 

Ordinate: Oestrin and gonadotrophin output in M. U. and R.U. 


It will he seen from Graph 3 of fig. 5 that the four analyses 
show*; February ; increased gonadotrophin excretion. 

March: normal excretion. 

April; increased oestrin excretion. 

May; normal excretion. 


On a previous occasion we have measured the output of 
gonadotrophic hormone and oestrogenic substances a whole 
month for 11 women. The results are shown in the diagrams 
in fig. 6. 

A feature common to the sets of curves in fig. 6 is the low 
output of oestrogenic substances in the menstruation period. 
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1 thpre is an increase, reaching its 

W the day ot the cycle, followed 

maximnm on the 10th ^vherenpon there appears 

by a tall in the m.ddlc of „„ bbe 22nd- 

a '>“°”‘’”Vrr^*irthe cycle The output amounts to be- 

rent 1 2. 

r"tC " sn trs; r; ’’iS,. 

mo finsmnson i G«e,.c (1934). Frank (1935), Pedersen. 

Bjergaard (1936), Palmer (1937), "g'' ' 

Wood & D’Amour (1938), Smith, Smith c‘ ' . ' 

Lacknei, Wachtel & Soskin (1938). von Haam & 
(1940),Furu/iicZm (1940), Dingremanse ct Loquenr (1940) and 

Genell (1943)). 

The output of gonadotrophin amounts to between 1 and 
25 R.U. per 24 hours. No systematic fluctuation has been 


observed as in the case of oestrin. 

In one instance we had occasion to find an oestrin output 
which, as distinct from the normal, reached its maximum in 
the very days of menstruation, whereas it was low in the inter- 
menstrual days. This being a matter of particular interest wc 
shall give a brief account of the case report of the individual : 
the full report was given by Hermann & Schroder (1935). 

An unmarried domestic servant, 35 years old, admitted to 
the Psychiatric Department of the Municipal Hospital, Copen- 


Tct.I io fig. 6. 


1 

! 

Diagram j 

i 

j Age in years | 

\ i 

I.cnRlh of cycle 
in itnys 

I-cJiRlli of mciislrualion 
in (lays 

a 

23 

28 

4 

b 

28 

28 

4 

c 

32 

28 

3—4 

d 

32 

29 

3 

e 

33 

27 

3 

f 

33 

31 

4 

g 

33 

27 

3 

h 

33 

26 

5 

i 

38 

25 

4 
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Output of oestrogenic 


Fig. 6. 

and gonadotrophic substances in 
9 normal women. 


the urine of 


Abscissa; Days. eonadotrophin in M.U. and R.U. 

Ordinate; Output of an g the output of three days. 

Each step represents the aieiage o 
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hagen, for psycliopathia, epilepsia antea and exhibitionism. 
Menses irregular since the age of 14. States that in her menstru- 
ation periods she is seized with an irresistable want to exhibit 
and masturbate publicly. Her oestrin output is shown in fig 7. 



Fig. 1. 

Output of oestrin in the urine of a 
35 year old female patient with want 
of exhibition during menstruation. 
(Each step represents the average of 
three days’ output). 



4 * 
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3) Androgenic substances. 

The outpx\t of androgenic substances is illustrated by fig. 8. 

It will be seen that with very few exceptions the output 
is between 4 and 25 C. U. in the 24 hours for females between 
the ages of 20 and 40. The average curve shown in fig. 8 is 
very similar to that published by Hamburger, Halvorsen & 
Pedersen (1945). 

4) Hormone analysis in blood. 

The desire has frequently been expressed for a more direct 
expression of the hormone picture of the blood by analyzing 
the blood for hormones instead of the urine. With present-day 
biological methods, however, it is impossible with constancy 
to demonstrate oestrogenic, androgenic and gonadotrophic 
substances in the blood, because the concentrations are so low 
that a direct injection of the blood as a rule fails to give a 
positive result. Preparing an extract from a large quantity 
of blood encounters the difficulty in practice that blood, com- 
pared w'ith urine, can be procured onls”^ in limited volume. 

The blood from 20 normal women aged 20 to 40 years 
proved in 5 cases to contain 25 to 50 R. U. gonadotrophic 
hormone per litre, whereas it was impossible to demonstrate 
the hormone in the other 16 cases because the concentration 
was too low', llie same can be said of the oestrogenic and andro- 
genic substances. Another thing is that the value of a blood 
analysis has its limits, because it indicates the concentration 
in the blood only at the time of taking the sample; it tells 
nothing of the size of the production w'ithin a certain period 
as for example the urine analysis, which expresses the total 
output over 24 hours. 

5) Oestrogenic substances in the urine from ovariectomized 

women. 

The oestrin found in the urine of normally menstruating 
w'omen comes partly from the ovaries and partly, in smaller 
quantities, from the adrenals. The fact that the share of the 
adrenals in the amount of oestrin produced is very small 
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appears from the low oestrogen output ot young ovanec- 
tomized women. For 26 of these we find an output averaging 
8 M.U. per day, corresponding to 224 M. U. in a tour week 
period, which again is less than 16 % of the ocstrm excreted 
by normally menstruating women m the course of a cycle. 


DISCUSSION 

1) Correlation between hormone output and age. 

Tlie gonadotrophic hormone is mobilized slow’ly as the 
years advance. Up to puberty the excretion is slight, amounting 
at the most to some few rat units; from the twelfth year it 
increases and by the sixteenth year has reached about 15 R, U. 
per daj'. Thereafter the excretion decreases to about 9 R. U. 
until the beginning of the menopause at the age of forty. From 
about the thirty-eighth year to the seventieth the output rises 
quite steadily to 65 R. U. per day. After the seventieth j^car, 
however, there seems to be a downward trend in the output. 

Prior to puberty the oestrogenic substances occur in verj' 
small quantities in the urine, at most a few' M.U, per day: 
but from the twelfth year, at the inception of puberty^ the 
excretion rises suddenly and until the menopause at the age 
of 40 to 50 has values between 17 and 200 M. U. per day. After 
the menopause the output falls to less than 20 M. U. per day, 
from which level it decreases slowdy in senility. 

The androgenic substances before puberty are found in very 
small quantities, up to one or two capon units per day; but 
after puberty has begun the output of androgen in the urine 
rises to 8, C.U. at about the thirtieth year. Tliereaftcr it de- 
creases steadily to 1 C. U. per day during the subsequent de- 
cades. 


2) Correlation between gonadotrophin and oestrin outputs. 

On comparing the two riife curves^ for gonadotrophin and 
oestrin It will be found that up to puberty the excretion of both 
hormones is vei-y small, but that thereafter the gonadotrophin 
u put increases relatively more than that of oestrin. This pro- 
ponderance, however, lasts only for about three years, and ^icn 
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the gonadotrophin output falls some few units, whereas the 
oestrin output continues to increase and reaches the maximum 
between the ages of 20 and 40. At this stage the oestrin output 
falls abruptly again at the same time as the quantity of gonado- 
trophin in the urine begins to increase. Whereas oestrin con- 
tinues to fall with advancing age, the gonadotrophin output 
steadily increases to the age of seventy. It is only at this re- 
latively high age that the general retrogression of the activity 
of the life functions also influences the production of gonado- 
trophin. It would thus seem that there is a certain corre- 
lation between the gonadotrophin and oestrin outputs, the 
latter being high when the former is low, and vice versa. This 
does not apply before puberty, when both values are low; hut 
nor does it always apply in the menopause, when we some- 
times find an increased excretion of gonadotrophin, for ex- 
ample one about 45 R. U. and a normal oestrin excretion of 
50 M. U. Such cases are relatively rare, however, and the ab- 
normal excretion ceases in the post-menopausal stage. 

3) The cyclic fluctuations. 

Within one and the same menstrual cycle the lowest output 
of oestrogenic substance is observed in the menstruation 
period, about 20 M. U. per 24 hours. In the intermenstrual 
phase there is an increase in the output, one that reaches its 
maximum on the 10th, 11th and 12th cycle days, followed by 
a slight fall in the middle of the cycle, whereupon there is 
a secondary rise with a maximum output on the 22nd, 23rd 
and 24th days. The high outputs in the intermenstrual period 
amount to between 100 and 200 M. U. As regards the excretion 
of gonadotrophin, no systematic rhytmic fluctuation corres- 
ponding to the oestrin excretion is observable within a cycle. 
The correlation between gonadotrophin and oestrin as visuali- 
zed by the two »life cur\ms« is not observable within a single 
cycle. 

4) Determination of output limits. 

The numerical results of our investigations are summarized 

below. 
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3rd to the 12lli year tho output 
to some tesv rat units, svitl. a marcimum of ,3 R. U. for 

normal girls. r 

From the 12lh to 38th year wc have found values fro 

1 R.U. to 15 R.U. r , , 

From the 38th year and onwards we have found out- 
puts of from 5 to 360 R. U. 


Oestrogenic substances. 

From the age of 3 to 12 the output is quite low, at most 
3 M. U. per day. 

From the I2lh to the 15th year we have observed up 
to 128 M. U. per day. 

From the 15th to the 38th year the output varies from 
17 right up to 360 M. U., usually between 20 and 200 M. U. 

After the 38th to the 52nd year we have found vahms 
from 8 to 200 M. U. per day. 

After the 52ncl year always less than 25 M. U. per day. 


Androgenic substances: 

Up to the 12th year wo have found only very small 
values, up to two capon units per day. 

After puberty the output increases .steeply and reaches 
its maximum at 30 years with values from 1 to 22 C. U. 
per day. 

Thereafter the output dccrea.ses slcadly until at ahout 
the 60th year when it again is some few C. U. per day.- 


SUMMARY 

The purpose of this investigation was to examine the ex- 
cretion of oeMrogcnic, androgenic and gonadotrophic substan- 
ces m the urine of normal women in all age groups, in order 
to make a material available as a basis for Ibo evaluation of 
clinical analyses from patients. We aimed at elucidating the 
average output and also the normal physiological margin of 
variation m the output of these substances. 
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The material comprises 360 normal women aged from 3 
to 79 years. 

Gonadotrophin was assayed in infantile female rats by 
the tannic acid precipitation method. Oestrogenic and andro- 
genic substances wmre determined after combined acid hydro- 
lysis and carbon tetrachloride extraction in spayed mice and 
on capons. 

Gonadotrophin. 

Until puberty the quantity of gonadotrophin excreted is 
scarcely demonstrable. For normally menstruating women the 
quantity is from 0 to 25 R. U. per 24 hours, with a slight 
increase during pubescence and a more marked one after the 
menopause, when the output may amount from 5 to 360 R. U. 
per day. 

Oestrogenic substances. 

Until puberty there are scarcely demonstrable amounts of 
oestrin. Normally menstruating women have a 24-hour output 
of from 20 to 400 M. U., with a fall after the menopause, when 
the output is never more than 25 M. U. The lowest values are 
encountered during menstruation, but on the whole the output 
is subject to uncharacteristic diurnal variations with a trend 
towards a maximum in the middle of the intermenstrual 
period, or sometimes towards two maxima in this period. 

Androgenic substances. 

The excretion gradually increases from puberty and 
reaches a maximum at about the age of 30, followed by falling 
values. 

As the practical consequence of these investigations it is 
possible to draw the following conclusions as to when the 
hormone excretion may be regarded as pathological or at any 
rate remarkable: 

1. >30 R. U. gonadotrophic hormone for women before 
the menopause. 

2. <20 M. U. and > 400 M. U. oestrogenic hormone in the 
intermenstrual period. 
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3. > 25 M. U. oestrogenic hormone for women after the 
menopause. 

4. > 25 C. U. androgenic hormone. 
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From the Neurological Department, 

Frederiksberg Hospital, Copenhagen. 

PITUITARY HYPERTENSION 

BY 

A. LETH PEDERSEN 

The notion of pilnilary liypcrlcnsion does not exist in 
ordinary medical and endocrinological tcxl-books. But occur- 
rence of blood pressure disturbances in association with pitui- 
tary diseases is a well-known phenomenon. Lowered blood 
pressure values arc the most common, such being characteristic 
of the different syndromes due to pilnilary insufficiency, in 
particular Simmonds’ syndrome, but also of pilnilary adiposity 
(Goldzieher, 1939, p. 107), and occasionally also of adiposo- 
genital dystrophy. Personally I have ascertained a lowered 
blood pressure in association with different diseases due prob- 
ably to insufficiency of the pituitary-hypothalamic system. 
Goldzieher (1939, p. 389) points out that particularly postural 
hypotension is characteristic. He even regards this syinploin 
as pathognomonic of pituitary insufficiency. 

Wc should then expect hypertension to be a common oc- 
currence in association with conditions due to pituitary liypcr- 
function (e. g. gigantism and acromegaly). However, the li- 
terature does not bear out this hypothesis. Hypertension as 
a symptom of acromegaly is mentioned, apart from a couidc 
of casuistic reports, by few writers only, e. g. Kijlin (1943) . Cu- 
shing s syndrome, on the other hand, is known to be char- 
acterized among others by hypertension. This syndrome was 
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originally supposed to be due to a basophilic adenoma in the 
pituitary body, but is now believed to have a more complicated 
pathogenesis, where the adrenal cortex plays a prominent 
part. 

To my knowledge Kylin is the only writer to have attached 
any particular importance to the pituitary body in the patho- 
genesis of hypertension. Kylin suggests a »pituitary form of 
essential hypertension«, which he believes to be caused by an 
ordinary hyperfunction of the pituitary body, but probably in 
particular of the basophiles in the anterior pituitary lobe. 

The connexion between pituitary body and a raised blood 
pressure being still very uncertain, I think there is reason to 
report the following case history of a patient suffering from 
hypertension, on the pituitary origin of which there can hardly 
be any doubt. 


CASE HISTORY 

Frederiksherg Hospital, Neurological Dept., Case 367/46, 
married woman, aged 44. 

No known predisposition. 

The patient has since childhood been suffering from head- 
ache, though not very severe. In addition she was always some- 
what nervous, easy to frighten, and possibly a little backward 
at school. Menses from the age of 15, scanty but regular. One 
parturition (delivery by forceps) in 1927, followed by infec- 
tion with confinement to bed for 3 months. 

The patient’s present disease commenced in 1942 together 
with the occurrence of longer intervals between the menstrual 
bleedings. Since 1942 only few scanty bleedings, once in 1944, 
and twice in 1945, the last in August. The disease manifested 
itself by increased headache, dizziness, everything going black, 
fatigue, hot flushes, and perspiration ; furthermore by pains in 
back and precordium, shivering fits, and intermittent func- 
tional dyspnoea. The disease as a whole was steadily progres- 
sive, but with characteristic paroxysms, particularly of the 
cardiac symptoms. There occurred some impairment of me- 
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mory, and the patient became somewhat depressed, because, 
on account ot her disease, she could do no svork whatever 
from the end of 1944. Her symptoms were first diagnosed as 
menopausal, and, because of the mental symptoms, the patient 
-was in August 1944 admitted to a psychiatric department, 
where cardiac affection was ascertained. She w'as, therefore, 
transferred to a medical department, wdicrc heart disease (myo- 
cardial degeneration, angina pectoris) and arteriosclerosis with 
hypertension were diagnosed. The blood pressure was then 


180/140. 

The patient was admitted to our dc])arlmcnl in November 
1946. We were then further informed that the patient’s feet 
had increased somewhat in size ab. 10 years jireviously, and 
that a light facial hypertrichosis had developed about 5 years 
previously, while at the same time the hair of her head had 
become bristly. Within the last year before her admission to 
this department her hands had become swollen and red, while 
rhagades had occurred in the corners of the mouth, as w'cll 
as a smarting and burning pain in the tongue. 

Phtjsical examination on admission: 

Psyche: Indolent, somewhat menially defective. 

Appearance: Tired and poorly, with inconsiderable mimics. 
Nails brittle and slightly domed. Appearance on the whole 


slightly acromegalic: a somewhat domed forehead with pro- 
jecting superciliary margins. Nose rather big (pictures 1 and 
2). Her tongue is red with large furrows. Rhagades in the 
corners of the mouth. Her hands arc large, clumsy, and suc- 
culent, with a glossy skin (picture 3). ’Hie skin is pallid and 
in the general dry. The growth of hair on lier licad is greyish, 
thick but dry and bristly. Excessive hairiness in the face with 
a number of long hairs on upper lip and chin. Light growing 
together of the eyebrows. A few hairs on the sternum. Axillarv 
lairs normal. Pubes thick, superiorly with an almost virile 
ehmitation, but with no hairs along the linca alba. Latcrallv 
the pubes are continuous with a thick, ab. 1 cm. long femoral 
growth of hair vanishing at the knees (picture 4). L crural 
rmess, but a rather fine growth of hair on the forearms 
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Neurological examination; Normally active deep re exes 
in upper extremities. In lower extremities hyperactive deep 
reflexes with foot clonus, moderate increase in muscular ten- 
sion, but atrophic muscles. Gait somewhat uncertain, and a 
tendency to fall at Romberg’s test. Otherwise the neurological 
examination revealed nothing abnormal. 

Ophthalmoscopy, carried out several times, revealed almost 
the same conditions throughout: Narroiv arteries differing in 
caliber, winding veins, pronounced Gunn’s phenomenon, nu- 
merous scattered haemorrhages and exudates. 

Spinal fluid (14/11/45): Vs cells, globulin 1—2, albumin 
25 — 30. W, r. neg. (15/4/46) : Vn, 0 — 1, 14 — 15. 

X-ray of skull: Hyperostosis frontalis int., 1. gr., sella 
normal. Stethoscopy of heart: Nothing abnormal. X-ray of 
heart; Slight enlargement. Ecg.: Tj and iso-electric, S-T, & , 
slightly depressed (degeneratio myocardii 1. gr.). 

Tlie renal examinations revealed no signs of renal disease. 
Urine analysis, Addis’ concentration test, blood urea, standard 
clearance, and urograms: Normal conditions. 

X-ray examination with a view’ to adrenal conditions 
showed nothing abnormal (pneumography not undertaken). 

Blood examination: Leucocytosis (14.840 — 9.440); other- 
wise normal conditions. Fractional determination of cholesterol 
and protein in serum show’cd normal conditions. Ew’ald’s test 
meal: Nothing abnormal. 

Hormone- analysis on urine sliow'cd figures corresponding 
to those of the woman’s postclimactcric age (45 R. U. of go- 
nadotrophine; less than 8 M. U. of oestrogen; and 2 C. U. of 
androgen. 


Glucose tolerance test (both before and after X-rays on 
the pituitary body) revealed a normal fasting blood sugar, but 
an abnormally high rise, up to 220 mg. %. 

The basal metabolic rate was considerably increased before 
•the X-ray treatment (145-138-150 %), but fell slowdy to 
normal values after the treatment (121—118—107—100 %). 

f, ^*00^ pressure was always increased, but rather 
fluctuating, before the X-ray treatment (see Diagram) 
Height 168 cm. Weight 69.5—59.3 kg 
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Diagram illustrating the patient's blood pressure (systolic and dia 
stolic) from Nov. 9, 1945 to May 17, 1946. 

The dotted lines indicate an abrupt rise in blood pressure (paroxys- 
mal hypertension). 
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X-rays on pituitary jland 


Course: From Dec. 4, 1945 to Jan. 2, 1946 the patient was in 
the Neurosurgical Dept, of the Rigshospital, where, on account 
■of the hypertension, bilateral sympathectomy was done ac- 
cording to Smithwick & White, The operation had, however, 
a transitory effect only on the blood pressure, and no effect 
whatever on the other symptoms. 

While staying in Frederiksherg Hospital the patient had 
several attacks of paroxysmal hypertension, during which she 
•was feeling very poorly with a sensation of pressure in the 
■chest and nausea. During the attacks she was pale, cyanotic 
and sweating with a fast and soft pulse. Very occasionally a 
highly irregular heart action was ascertained. The blood pres- 
sure rose once during such an attack from 145/80 to 190/120, 
and during another attack to 220/150. These attacks, generally 
lasting up to half an hour, were almost more pronounced after 
the sympathectomy. Between the 20th and 21st of January the 
patient developed within a few hours a left central facial 
paresis and left hemiparesis, but without loss of conscious- 
ness. 

The patient’s disease being supposed to be of pituitary 
origin, X-ray treatment of the pituitary body was commenced 
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on Jan 23, 1946. A total of 800 r, distributed over 2 fields, 
^vere given till Febr. 5. The X-rays had an excellent effect. 
The blood pressure, which before the treatment had been 
permanently increased, both the systolic and the diastolic, 
though rather fluctuating, began to fall already after a few 
treatments, to become perfectly normal before the conclusion 
of the course of treatment. It remained normal and far more 
stable (see Diagram) during the rest of her stay in hospital 
( 31/0 months). The basal metabolic rate likewise fall to the 
normal, and the patient felt far belter both mentally and 
somatica^l 3 ^ The previous attacks of paroxj'smal hypertension 
occurred no more. The headache and the dizziness vanished 
completely. Tlie hemiparesis had decreased so much by the 
time the patient was discharged that she was able to manage 
alone with one stick. Her temper was far more stable, and she 
was more interested and far less indolent than previously. She 
was discharged from the department on May 18, 1946, 

The improvement did not last, however, A fc\v months after 
her discharge she again developed increasing headache. On 
Sept, 1, 1946 the patient -svas admitted to the psjmhiatric de- 
partment with barbituric acid poisoning, after having eaten 
too many dormitives in order to quiet dowm. The blood pres- 
sure was then again considerably increased (240/155 — 190/ 
120), but the patient presented no fresh signs or symptoms, A 
symptomatic treatment wms now attempted for the patient’s 
hypertension. In the surgical department an anastomosis was 
made between the radial artery and a subcutaneous vein in 
the tabatiere on one side. However, this operation had no de- 
finite blood-pressure-reducing effect. 


EPICRISIS AND DISCUSSION 

y The patient is a woman, aged 44, w’hose disease commenced 
1 ,4 years previous to her admission to this dopartment. It came 
on with menostasis, after wdiich the patient developed in- 
creasing headache, dizziness, tiredness, hot flushes, and per- 
spirahon, as well as steadily progressing, yet inlermittent 
dyspnoea. The patient being quite naturally in low spirits she 

Acta endocrinol. Vol. 1. I. 
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was treated first in the psychiatric department, after ^Yllich she 
■was transferred to the medical department on account of heart 
disease and hypertension. Was treated for these affections 
through 2 years, until she was admitted to this department 
Here we were informed that the patient’s appearance had 
changed slightly in the acromegalic direction within the past 
5 to 10 years. Physically the patient revealed pronounced 
hypertension, but with considerable fluctuations and proper 
paroxysms. There were no signs of renal disease, but severe 
cerebral and cardiac symptoms had developed in consequence 
of the hypertension. In addition to the hypertension and its 
sequelae there was, however, found a clinically well-pronoun- 
ced hyperpituitarism with hyperproductioa of practically all 
the hormones of the anterior pituitary lobe. The patient had 
a slightly acromegalic appearance, indicative of an increase 
in the production of growth hormone, and a fairly pronounced 
hypertrichosis, probably caused by an increase in the cortico- 
trophic hormone production. The basal metabolic rate was 
considerably raised, probably due to hyperproduction of the 
thyrotrophic hormone, and there were signs of pituitary dia- 
betes wnth reduced carbohydrate tolerance, presumably on ac- 
count of an increased diabetogenic hormone production. 

Apart from the hypertension and its sequelae all the pa- 
tient’s symptoms can thus be explained as due to a hyper- 
function of the anterior pituitary lobe. Hence it seems reason- 
able to presume that also the hypertension is released from the 
pituitary body on account of an increased hormone produc- 
tion. This is the more likely because in the present case the 
hypertension was not due to a renal disease, nor was it re- 
miniscent of the usual essential hypertension, particularly on 
account of the marked lability of the blood pressure in our 
patient. Such lability should, it seems, be characteristic of 
hypertension caused by a hormonal disturbance. At least it is 
very characteristic of the hypertension due to tumours in the 
adrenal medulla or other pheochromocytomas, but is by 
pointed out as characteristic also of the pituitary hypertension 
described by him; and there w'ere no signs of a pheochromo- 
cytoma in our patient. 
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The most conclusive evidence of the pituitary origin of the 
hypertension was, however, the striking effect of X-rays on 
the pituitary body. After this treatment the blood pressure 
remained perfectly normal through 5 or 6 months without 
greater fluctuations than in normal individuals, whereas 
neither sympathectomy nor arteriovenous anastomosis had a 
definite effect on the blood pressure. The fact that the blood 
pressure rose again about 6 months after the X-ray treatment 
does not, in my opinion, go against the theory of the pituitary 
origin of the hypertension, on the contrary it seems rather to 
argue in favour of this theory. 

Thus, there seems hardly to be any doubt that the primar 3 ' 
cause of the hypertension in our patient was a pituitary di- 
sturbance. The exact pathogenesis is, however, rather uncer- 
tain; but the pituitary disturbance consisted probablj' in a 
hyperproduction either of a special blood-pressure-regulating 
hormone (the existence of which is still hypothetical) or of 
the adrenotrophic hormone, so that the effect passed bj' the 
adrenal medulla (the pheochrome sj^stem). 

I shall not enter further on the still very uncertain problem 
of the normal regulation of the blood pressure. Only tlicre 
is reason just to mention that there is found interaction be- 
tween the blood-prcssure-regulating centres in the medulla 
oblongata and the central system, i. c. pituitary bod 3 % hypo- 
thalamus, and cerebral cortex (psj'che) as well as the peri- 
pheral sj'stem, both through the autonomous nervous sj'stcm 
(by the presso-receptor zones in the carotid sinus and else- 
where) and the hormonal system (by the pituitary body to 
the different endocrine glands, notably the adrenals)*. A 
disturbance anywhere in this regulating system may thus 
interfere with the blood pressure. 

It seems a rather certain fact that hypotension — perhaps 
particularly the postural hypotension — is often due to pi- 
tuitary insufficiency. And I feel conAunced that many cases of 
»essential« hypertension will be found to be associated wdth a 

pituitary hyperfiinction, if more attention will be given to this 
possibility. 


3 * 
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SUMMARY 

A case is reported of hypertension in a woman, aged 44 
commenced 4 years previously, simultaneously with the meno- 
pause. Prior to the patient’s admission to this department her 
disease had been diagnosed and treated as »essential« hyper- 
tension, but here the hypertension with its pronounced cardiac 
and cerebral complications was found to be attended by 
marked signs of anterior pituitary hyperfunction: 1) slightly 
acromegalic appearance (increased growth hormone produc- 
tion), 2) hypertrichosis (increased corticotrophic hormone 
production?), 3) considerable rise of basal metabolic rate (in- 
creased production of thyrotrophic hormone, or of a special 
hormone regulating the metabolism?), 4) light pituitary diabe- 
tes (increased production of »diabetogenic« hormone). The 
blood pressure is rather fluctuating with several attacks of 
»paroxysmal hypertension«, but there is no evidence to sug- 
gest the presence of pheochromocytoma. Thus, the entire 
clinical picture seems indicative that the hypertension is of 
pituitary origin (increased production of adrenotrophic hor- 
mone, or of a special blood-pressure-regulating hormone?). 
Tills hypothesis was borne out by the fact that X-ray treat- 
ment of the pituitary body had the effect that the blood pres- 
sure fell to normal values and remained normal and stable 
for 6 months. 

»Essential« hypertension may perhaps be explained as due 
to anterior pituitary hyperfunction in no small number of 
cases. 


REFERENCES 

Bissel, G. TIC c& Williams, R. H.: Ann. Int. Med. 22, 773, 1945. 
Fabritius, H. & Malm, P.: Nord. med. 31, 1713, 1946. 

Goldzieher, M. A.: The endocrine glands. Appleton-Century Company. 
New York — London 1939. 

Krjlin, E.: Die Klinik der hypophysaren Erkrankungen. Johann Am- 
brosius Barth. Leipzig 1943. 


(Received April 6, 1948.) 



Acta endocrinol. i, 71—96, 1948. 


From the Pharmcvco-thevcipcutvc 
Laboratory of the University of Amsterdam. 


GROWTH STUDIES 

(I. In rats and in human dwarfs) 

BY 

E. DINGEMANSE, J. FREUD AND INA E. UYLDERT, 
assisted by A. Kemp and J. C. van Houten 

INTRODUCTION 

We began to test hypophyseal growth substances by weight 
increments produced in normal female »plalcaued« rats, as 
described by those who pioneered in this field. Wc then 
changed over to a similar assay for \sdtich (younger) hypo- 
physectomized male rats were used. They were sooner avail- 
able in our colony and they offered the additional advantage 
of sensitivity, one or two weeks shorter experiments and con- 
sistent results, since young adult hypophyseoprivic rats gain 
no weight after hypophysectomy. This test was also taken over 
from earlier descriptions by other authors wdiose work was 
reviewed by H. B. van Dyke in The Phijsiologij and Pharma- 
cology of the Piiuitanj Body, Vol. I, 1936 and Vol. II, 1939. 
There was one technical modification added to the subject, 
when the hypophysectomy along the pai’apharyngeal route was 
simplified to the form in which wc used H many thousand 
times {Freud (1938)^). 

The last ten years we definitely adhered to skeletal indica- 
tors of deficiency and substitution of the hypophyseal growth 
principle. Our decision was prompted by a survey of the ske- 
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leton in growing rats {Freud & Levie (1938)) and by the 
consistent obser^^ation, that hypophyseal extracts restored 
skeletal growth, when this was arrested by hypophysectoiny. 
Our test method now consisted of hypophysectomy at 6 to 8 
weeks of age of male rats, when their weight was rather less 
than 100 Gm. 

As in such rats the changes of the epiphyseal cartilage discs 
are most marked among the responses of the skeleton, it was 
proposed to designate the principle producing this effect as 
chondrotrophin {Freud (1938), Freud, Levie & Kroon (1939), 
Levie (1939)). Chondrotrophin maintains or restores epi- 
physeal cartilage eutrophy and on this effect a short test was 
based by the Californiair group of workers {Evans et al 
1943)). 

Admittedly chondrotrophin expresses an arbitrary pre- 
ference for one of several effects of the growth principle, as 
e. g. the word oestrogen expresses only a few effects produced 
by that class of substances. Nevertheless we prefer to speak 
of chondrotrophin rather than of somatotrophin {Selye 
(1947)), because if the first word expresses too little, the last 
one probably indicates more than what really is attributable to 
the growth principle. 

We disagree with those authors \vho advocate other than 
skeletal indicators of chondrotrophin activity in non hypo- 
physectomized animals. Even (hypopituitary) hereditary 
dwarf mice are not acceptable substitutes, though in these 
weight increment may be parallel with skeletal growth {Fonns- 
Bech (1947) ) . Difficulties were also created when hypophyseal 
extracts proved effective at the prevention of growth stasis 
and at growdh promotion in normal and in hypophysectomized 
pigeons {Miller & Riddle (1943)). Our objection does not con- 
cern, of course, investigations of w^hatever character so long 
as no comparisons are made betw^een doubtfully comparable 
things. No evidence has been advanced to show that chondro- 
trophin potency is being measured when another indicator is 
used than cartilage eutrophy in hypophysectomized mammals 
(preferably rats). Moreover skeletal growth may be handicap- 
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ped by deficiencies other than chondrolrophin and restored by 
providing substitntion. Therefore it remains an unavoidable 
necessity to ascertain the part played by chondrolrophin in 
growth promotion. To achieve this, it is necessary to eliminate 
intrinsic hypophyseal agents from the experiment and to lest 
the role of other than chondrotrophic fractions in the result 
obtained with unfractioned extracts {Li ct al. (1945), Li 
(194-7), Marx et al. (1944)). 

It is subject to doubt that gain in body weight would be 
parallel to skeletal growth. It is certain that human adults 
and adult animals may gain or loose weight considerably with- 
out proportionate skeletal changes (Gordon cl al. (194/)). 

By defining chondrolrophin as a hypophyseal agent that 
produces skeletal growth, we expect clarity of conception in 
this field, where other difficulties arc enough even without 
reference to presumably different things by vaguely synonym- 
ous terms. 

One of the difficulties to which w'e allude is the lack of 
a standard for reference (Marx el al. 1942)), Limited supply 
of hypophyses and inconsistent clinical results explain a lack 
of initiative to establish a standard. Standard preparations 
promote, how'cver, mutual understanding, somewhat like 
dictionaries bridge some of the gaps between different 
languages. Standards cannot be replaced by relying on certain 
points in the procedure of assay, by statistical evaluation of 
results, not even by crj’stallinc chondrolrophin r'Lfcf n/. (1945), 
Li (1947), Fishman ct al. (1947)). It is difficult to reproduce 
extreme refining and even then, physical and chemical 
constants do not Avarrant identical activity in proteins. In 
the steroid class of preparations whose constants arc more 
informative, the concentrated effort of more than a decade 
Avas needed for a fair degree of security in the identification 
of products showing definite types of activity. 


PRINCIPLE OF THE TAIL TEST 
Chondrolrophin is assayocl in onr Inhoralory by comparison 
of pre- and posl-lreaimcnl caudal skiagrams of hypopliyscc- 
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tomized rats. The tail length is equal to the sum of 27 verte- 
brae, intervertebral spaces and skin tip. In rats aged 50 days 
the majority of 54 epiphyseal disks (in the distal vertebrae 
of the tail) is unossified. Comparison between tail and other 
skeletal parts was convincing to show that the tail length 
truly indicates the general skeletal response. The advantage 
of the tail is its straight shape and its far greater growth than 
of any single bone of the rat. (See plate, pag. 96). 

Agreement is not unanimous as to the tail test deserving 
priority above other assay criteria. Opinion is however growing 
unanimous as to the chondral point of attack of chondro- 
trophin {Evans et al. (1943), Ingalls (1941), Ingalls et al. 
(1941), Becks et al. (1946), Griffiths et al. (1942)) though the 
importance of other endocrines for the chondral reaction has 
been emphasized by the groups of authors just quoted and by 
ourselves {Evans et al. (1939), Laqueur et al: (1941)). 

Chondrotrophin is assayed by Evans et al. (1943) by the 
short (4 days) test, consisting in measurements of the prox- 
imal tibial epiphysis in rats whose hypophysis w’as removed 
more than 12 days prior to their substitution cure. 


CLINICAL ATTEMPTS 

Few firms ventured into the production of »growth hor- 
mone« and we tested almost all the preparations on the market 
or supplied on request as they appeared. With one recent ex- 
ception, we never succeeded to detect chondrotrophin activity 
in these products. Instead of detailing these results here, suf- 
fice it to state that those tests were interspersed between tests 
of our preparations of chondrotrophin against which the 
foreign preparations stood out as consistently inert. 

When reviewing these findings, we are unsurprised by 
discrediting clinical reports on »growth hormone« {Shelton 
(1942)). 

It is fair to state, however, that our own preparation whose 
activity was meticulously tested and a posteriori controlled, 
also failed to yield the promise of reliable action. Our clinical 
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attempts comprised a group of 27 patients under the care 
of expert clinicians. 

Between 1936 and 1941 we.accumulated these clinical data. 
A part of the patients has been referred to our laboratory by 
the Medical Service of the N. V. Organon, whenever an inquiry 
was received there as to the availability of a potent prepara- 
tion. Among all these medical contacts, we distributed nearly 
7000 ampoules of chondrotrophin. Most of the ampoules were 
charged with 100 (+ 20 %) »units« (see below) and a few 
with 1000 (± 20 %) s>units«. Merthiolate (Lilly) was added as 
a preservative in 0.1 per thousand concentration. The con- 
centrated solution proved to be unstable when retested for 
final control. More than 8/1 0th of the potency was lost. There- 
fore it is valueless to distinguish twm concentrates. This ex- 
perience shows the difficulty of maintaining highly concen- 
trated chondrotrophin in solution. 

The 27 cases studied represented a selection from 94 cases 
about which there was correspondence. They were cases of 
nanism in both sexes. Many of them were declined as unsuit- 
able for our work owing to various reasons. Among these 
reasons age was prominent. Patients above 21 years, with 
closed epiphyses were considered to have no chance to g^o^^^ 
Many cases were above 15 years of age. We supplied chondro- 
trophin to 58 cases. It was surprising to experience the re- 
luctance of doctors in various countries to supply adequate 
information on their cases. In more than half of the cases to 
which we supplied material (free of charge), not even the 
sex of the patient became known to us and of many cases 
it remained unknown if they ever were injected. There is 
perhaps a difference in attitude when practicians are supposed 
to cooperate m an experiment, or when they are merely asked 
to collect the hai^rest of application of a product w^hose mode 
of action IS more dramatic and better predictable than that of 
chondrotrophin. 


One female patient is not included among the 58, not be- 
cause she was declined from supply, but because she was 
war e y starvation and restored to satisfactory growth by 
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diet alone (Dr. J. Groen). We mention this case merely to 
show the variations in aetiology of dwarfism. 


In order to evaluate our results, we made up a table from 
data of Engelbach- (1932) available at the time. Moderately 
growing persons begin at 0 age at a length of 51 cm. to grow 
by yearly increments as shown in table 1. 


Table /. 

Increments of length in humans in cm. per year between 1 and 18 
years of age. From 10 to 18 years 1 cm. may be added per year 
to the figures for males. 
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146' 
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155 ' 

159 

163 
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In all but 8 cases, the observation was confined to 3 
months. We decided to evaluate all the results on a quarterly 
basis. 

We advised two series of 30 subcutaneous injections (one 
ampoule each) with one month interval. We emphasized the 
need of a liberal diet with Ca, P and vitamin D supplement in 
addition to other minerals and vitamins. Body length was 
measured in the morning before and after the observation 
period. 

From the table we noted: 

The age corresponding to the given length. 

The length expectation at the given age. 

Tire difference between length expectation and real length 
(growth delay), was divided with four times the difference 
between true age and »length age«. The quotient gave the 
quarterly growth delay. Patients growing during the quarter 
of observation more than their quarterly growth delay were 
listed in the group of presumable responses. For example: a 
boy of 10 years was long 117 cm. He should have been (ac- 
cording to our table) either 7 years old (10—7 = 3 X 4 = 12 
quarter years behind time), or long 136 cm. ( 117 19 cm. 
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growth delay) ; his quarterly growth delay was Ihcrctorc 10/12 
= 1 5 em. This patient grew 3 cms. during the quarter of 
observation, he was a presumable response, the more because 
3 cm quarterly growth would occur at an age ot 2 years and 


not later (see table 1). 

Six of such presumable positive responses were secured out 
of 27 cases. We are reluctant to assign more than a very 
cautious credit to cliondrotrophin. 

There were no untoward reactions. 


In addition to total length, wc also examined tibia .skia- 
grams and attention was directed towards dental development. 
Cliondrotrophin may as well favourably influence both dcnli- 
tions (a point specially emphasized by our associate of the 
time, L. H. Levie). 

The general impression of our scries is disappoinling'and 
there may be several reasons to explain that. 

A) Many aetiologies may undcrly dwarfism, cbondro- 
trophiu may be adequate to deal only with a few of them. 

B) Our largest doses represented one or a few bovine 
adenohypophyses per injection which may bo inadequate for 
human growth stimulation. 

C) Bovine hypophyses may be unsuitable for human 
growth stimulation, as Ihcj' arc unsuitable for gonad slimnla- 
tion in rats. In hypophysis research species nialching i.s more 
than a ready cscaiie from disappointing experience. 

D) Our preparations may have been concentrates of a 


poorly active chondrolropliin metabolite, occurring in excess 
in hypophyses, whereas true cliondrotrophin might be ns 
much more potent as it is scanty. Moreover the most potent 
cliondrotrophin may have escaped concentration in our ex- 
tracts (see below). 


We remind of our own cxiicriencc in the steroid class of 
apnts. Testosterone (and the augmenting X-subslancc) was 
discovered in our laboratory after accumulation of evidence 
to show that urinary androgens were mere steroid mclabolilos 
of low potency and of doubtful origine. The potency problem 
(a species problem as our example has shown) may be compli- 
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cated by a limiting factor not itself active, but ruling over 
the potency of the active agent, 

E) These considerations lead to the last point that we 
wish to mention here, namely synergism between chondro- 
trophin and other hypophyseal agents, more necessary perhaps 
in human dwarfs than in hypophyseoprivic rats. 


STANDARD, ASSAY 

In a short paper we described our standard and chondro- 
trophin assay {Freud & Dingemanse (1946)), Since 1939 we 
used the same acetone dried powder of freshly frozen bovine 
hypophyses, Gr 238 R) as a reference preparation. Of this 
powder 0.35 mg were defined as a unit. Tlie unit, or a multiple 
of it was dissolved for daily injections in 0.05 to 0.2 ml. water 
at pjj 10.5 and the centrifuged solution decanted from its 
insoluble residue. Close to 2/5th of the powder w’as soluble. 

Rats were used when hypophysectomized on the day of, 
or a day before the first injection. Though irrelevant for 
the action, we mostly injected intraperitoneally. Cold stored 
extracts may otherwise cool too small an injection site and 
produce skin necrosis and sloughing. Our groups consisted of 
5 rats, littermates being distributed over parallel groups. In 
the rat colony and in the experiments the rats were fed the 
same constant diet, though the mixture had to be altered twice 
owing to the war. All three mixtures used were fairly satisfac- 
tory as to fertility and growth maintenance. The worst was the 
»war-mixture«, owing to its low essential protein content. 

Daily injections were continued for one week or a fort- 
night. 

The unit aequivalent of the unknown preparations was 
calculated on the basis of their nearest to aequipotent doses 
with one of the doses of the standard. Exclusively simultane- 
ous experiments were evaluated. Aequipotency was assumed 
only between two responses above a predetermined threshold. 
The threshold requirement was more than 6 mm. tail growth 
in the majority of group mates in the experiments of one 
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week duration. A 1,5-limcs higher minimum requirement was 

applied to experiments of two weeks. 

Body weight and tail length often failed to show parallel 
responses and they varied, again without delectable parallel- 
ism, with the season. These variations gave sometimes the 
impression that they would correlate with the length of the 
dajdight. 

They were unpredictable, however, as statistical attempts 
have shown with yearly groups of up to 325 rats whose treat- 
ment was done with the same dose of the standard. It is 
a different thing to adjust a calculated dose to a definite 
seasonal sensitivity, or to roughly adjust doses to the seasonal 
response expectation. Lately we adopted the policy of giving 2 
and 6 units of the standard per day, cither to simultaneous 
groups in the transitional season, and 2 units in the responsive 
(long day) and 6 units in the non responsive (short day) 
season. Of the unknown the aequipolent doses are considered 
also to be 2 or 6 units. We omit doscAaclion ratio calculations, 
since we realise that truly computable material is seldom in 
experiments performed in a limited number of ral.s, consistent 
with a reasonable performance at the liypophyscclomy table. 
The threshold type of assay has certainly great advantages, 
including accuracy, for this type of work,- 


We attach importance to three classes of data. 

I. Doses expressed as acetone dry powder acquivalcnl 
(yield). 

II. Actual dry weight given per daily injection (purity). 

III. Potency expressed in terms both of I and of II. 

In seven years (up to 1946) experience was collected with 

ed male rats. The same standard is still in use. 

There were 184 untreated controls. 

622 rats injected as sj)ccificd in table ^ 

635 rats were excluded from the statistics for 
one of the folloAving rcason.s. 
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Rats belonging to groups smaller than 30 membered when 
used for doses intermediary to those mentioned in the (able 
Incomplete hypophysectomies in near to 10 % of the cases 
as ascertained at autopsy or in doubtful individuals histolog- 
ically (in sagittal sella sections). ° 

Rats dead before the conclusion of the experiments 
(15%). 

Table 2 shows the results in the controls and in the 622 
rats used for the statistics, in total 806 rats. 

Table 2. 

Referring to 806 hypophysectomized male rats, whose average weight 
at operation was 100 Gm and -whose tail length at that date varied 
between 120 and 150 mms. 

Tail length increments in mm. Treatment with chondrotrophin and 

untreated controls. 



After one week I 

; 1 

After two weeks 

Prepar. 

Gr 238 R , 
mg close/ 
day ; 

Nr. of 

rats 

Q 

1 

! i 

Mean ; Significance 

error ' 

Nr. of 

rats 

Av. 

tail 

incr. 

Ncnn 

I error 


0 75 3 0,22 I 0,66 3 X 0,28 | 109 3,66 0,17 

^ 1,8 3X0,37 ' 12,74 3X0,55 ^ 


0,175 

61 4,8 

0,3 i 

1,6 

3 

X 

0,60 

43 

6,4 



if 2,43 3 X 

0,37 ; 





2,47 

3 X 0,37 

y 

Y 


135 7,23 

0,21 i 

\,6(p 

3 

X 

0,i2 

95 

8,87 

0,37 


i 0,67 3 X 

0,H ‘ 





4,43 

3 X 0,46 

k 

Y 


95 7,9 

0,39 

5,4 

3 

X 

0,48 

110 

13,3 

0,29 


if 2,6 3 X 

0,69 

t 




2,81 

3 X 0,64 

k 

Y 

1,4 

20 10,5 

0,58 

5,61 

3 

X 

0,81 

53 

16,11 

0,.17 


In this table 2 the double pointed arrows mark the char- 
acteristics of significance. A difference between two average 
tail increments is considered significant if it is more than 
three times the combined mean error of these averages. The 
combined mean error is, as usual calculated by the formula 
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„ combined Mean error (Me) 

Where differences are significant, fat print has been used. 

Our main conclusions were: 

1. Acetone dried bovine hjT^ophyses yielded potent and 
constant chondrotrophin for years. 

2. Hypophyscctomj' arrested tail gro^Yth within a week in 
male rats as specified here. Their spontaneous tail growth 
remained between the limits of 3 to 4 mm, ^Yhich is \yc11 below 
our threshold requirement. 

In an earlier paper (van EeJe & Frcnd (1941)) w'c have 
alreadj' contributed data to the problem of growdh without 
hypophj’sis, w’ben we have shown, that the earliest growth 
of the skeleton and the earliest gain of w’cigbi seem ahormonal 
in rats. The hypophysis gains control gradually. It was com- 
paratively irrelevant for growth at the age of 9 days (when 
the experiment began) but in 5 weeks time there was a tail 
growdh delay of 65 mms with reference to rats of the same 
size and of 118 mms. with reference to rats of the same age, 
yet the tail had doubled its length with reference to the 8 mms 
it had been on the day of operation. This result was again a 
thorough confirmatiou of the value of the tail for estimating 
chondrotrophin. The ahormonal tail increment was lagging 
w^cll behind the w’cight increment. 

3. In large groups 0.1 T;? mg of the standard produced 
significant growdli, yet not reliable enough in groups of .5 
rats. That was our rea.son of choosing 0.3.5 mg as our unit 
of the standard. 

4. One and tw’o units W’crc indistinguishable in one week, 
but their action was significantly different in two weeks. The 
ratio betw’cen dose and effect was also more evident in two 
w'oeks than in one w’cek. Therefore (though w'c do not use 
dose/action diagrams for assay estimates) w’c prefer fort- 
nightly experiments. 

6, The dose effect ratio heiiig as antilogaritlim to logarithm 
>l seems preferable to let the dose rise by triplicalioa in order 
to oblam significantly different responses. Thereby the inac- 
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curacy of the assay is admitted in advance up to the limits of 
the chosen dose differences. Using small groups of rats, as 
feasible under ordinary laboratory conditions, there is no pos- 
sibility to obtain greater accuracy certainly not by more 
elaborate calculations. 

6. High protein diet, as introduced after the war, might 
have had a favourable influence upon the responsiveness of 
rats to chondrotrophin. 

ASSAY EXAMPLES 

With the assay method as outlined ‘in the preceding para- 
graph, we tested both new batches of hypophyses and fractions 
as they arose when refining was attempted. The essential 
aspects of those attempts were previously published and sur- 
veyed in a review of Freud, Laqueur & Muhlbock (1939). The 
final dry residue was in some of the most successful experi- 
ments 16 to 35 times and even up to 60 times less per aequi- 
potent amount than in the crude state. Occasionally, when 
pow'ders, with high yield were available, the unit was well 
below' 0.01 mg. This was achieved when 0.35 mg crude acetone 
pow'der contained the unit. It is unfortunate that absorption 
and elution is such a delicate procedure that it w'ould not 
constantly yeild the same result and that it seems unsuitable 
as a routine refining procedure. 

As an illustration of chondrotrophin assay we insert here 
the abbreviated results with two preparations in table 3. Every 
line in this table represents 5 hypophysectomized male rats 
of 90 to 110 Gm initial weight (average 100 Gm) and 120 to 
150 mms initial tail length. The injections wmre given tw'ice 
a day intraperitoneally during 14 days. The first column gives 
the experiment number, the second; preparation number 
(batch), the thrid; the daily dose in terms of acetone dried 
pow'der aequivalent, the fourth; the actual weight of the daily 
dose (two injections) dissolved in 2 X 0.1 ml. weakly alkaline 
water, the fifth: the type of processing, the sixth: the weight 
increment (uncorrected average), the seventh: the tail length 
increment (uncorrected average), the eighth; remarks. 
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Tabic 3. 

Weiglit increments in gm. and tail length increments in mm. of 
hypophysectomizecl male rats treated with e.vfracfs of hypopliy.sc.s 
and fractions thereof as they arose by refining. 



G 
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Ta])lc 3 refers lo experiments in 135 hypophysectomized 
rats. 14 of these rats died before the end of the experiment 
and one was deduced from its group owing to apparent illness. 
These experiments were performed in the years 1946 to 1948 
The results show that El was an acetone powder of acceptable 
potency, not essentially different from our standard. This v,'ill 
he more eloquently demonstrated in the last paragraph. 

Every experiment number Jieads groups of simultaneous 
experiments, and only .such experiments afford direct com- 
parisons. 

After having shown that El had a useful potency, \se 
proceeded to use a crude extract of this preparation as its 
own reference for comparison with attempted refinements. 
The eluates in experiments G3320, 63322 and 63325 ^Yerc a 
poor success, ))ccausc the loss of potency was great and be- 
cause the unadsorhed residue (exp. 63326) contained at least 
as much activity as that adsorbed and subsequently eluted. 
We arc inclined to ascribe this failure lo differences in the 
quality of Ihc acetone dried powder as compared with earlier 
experiments with other jjowders when they were subjected 
lo the same procedure with the same adsorbens, even the same 
batch of coal. 

The experiments quoted under number 83342 were per- 
formed with fresh boviuc hypophyses. They were treated as 
described in the paper of Fishman cl al. (1947). Both jdeld 
and i)urily were more satisfactory than the adsorption ex- 
periments in the first part of the table. 

While the standard of supplementary crude reference pre- 
parations afford an opportunity lo estimate the potency of 
derived products, the untreated controls (in exp. 63322, 63323), 
sham treated controls (exp. 83342) on the one and the un- 
operated controls on the other hand (63323) are useful to 
give an impression of the measure of substitution obtained 
with the experimental fractions. They show, that these assay 
experiments remain far below complete substitution. 

In actual ])raclicc we often pay attention to liltcrinates 
in parallel groups and to individual variations. The perliment 
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data could not be included in the table without undue demands 
on space. 

TAIL AND TIBIA EPIPHYSIS IN CHONDROTROPHIN 

ASSAY 

Chondrotrophin keeps epiphyseal junctions open through 
eutrophy of the cartilage. Such cutrophy is a prerequisite of 
the bone shaft development by progressive ossification. In 
long bones the cartilage plate separates the bone head (epi- 
physis) from the shaft. There is polarity in tlie cpiiJhy.senl 
junction, because even in normal longitudinal growth the bone 
head side of the plate much sooner ossifies, than the dia- 
physeal side. 

As there is aequilibrium between cartilage culrophy and 
ossification it is evident, that chondrotrophin can achieve only 
a limited thickening of the cartilage plate. This was confirmed 
by the facts collected in experiments in which we measured 
the proximal tibial epiphysis in treatments of two to three 
weeks with widely varying doses and computed the results 
with the tail measurements. For these experiments nearly 100 
rats were used, some of them untreated, others injected with 
rising doses. Tail length increment and epiphyseal width were 
roughly parallel in the range of moderate responses. In control 
(untreated or ineffectually treated) rats C to 8 ocular micro- 
meter units were measured as tibial epiphyseal width, 'khc 
maximal measurements wore H to 16 comparable micrometer 
units. The tail length was in the same rats increased by a 
maximum of 5 mms. without effective treatment and by 12 
to 40 mms at various effective dose levels. 

As the authors {Evans ct ah (1048) ) of this method rightly 
state, its main advantage is shortness and tlie use of little 
chondrotrophin. No consistent results would he obtainable 
with the tail test in such a short time. Tail growth increases 
with the dose and the length of the treatment, whereas the 
epiphyseal cartilage depends mainly on the daily dose and 
once at its top width, it can respond with no more increment 
In many of our rats we might have discontinued treatment 


6 * 
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10 to 17 days earlier yet no lower micrometer figures would 
have been obtained. It is subject to no doubt, that chondro- 
trophin is being estimated by this test. 

THE PROBLEM OF ACQUIRED REFRACTORINESS 

Rats are known to develop refractoriness to gonado- and to 
thyrotrophin. Bovine hypophyses are a poor source of gonado- 
trophin for rats and there is no conclusive evidence available 
that this type of gonadotrophin would elicit transferable re- 
fractoriness in them. 

Intraperitoneal injections of bovine hypophyseal extracts 
are acutely antigonadotrophic against simultaneous sub- 
cutaneous treatment with every known gonadotrophin, but 
this is not a serally transferable refractoriness. Some other 
mechanism underlies this puzzling phenomenon. 

We performed a few experiments with bovine chondro- 
trophin in rats with a view to test it as to its antigen action. 

Ten female rats of 30 to 40 Gm weight at the age of 28 
days, were injected 148 times in 200 days with 25 mg aequiva- 
lent of Gr 238 R (the standard) each time. This was a dose 
corresponding to 71 units per injection. The experiment lasted 
from 17 Sept. 1945 till 7 March 1946. The final body weight 
of one of the rats was 216 Gm, the other nine were between 
256 and 306 Gm. The tail length was 83 to 100 mms at the 
beginning and 187 to 216 mms at the end. The growth of 
these rats corresponded in every phase wdth the usual average 
as did their tail growth. Their weight increment wms unlike 
plateaued rats when their weight reached 250 Gm between 
3 and 4 wrecks prior to the conclusion of the treatment. Their 
final hypoph3’'Seal weight Avas Ioav (10 mg average), the thymus 
was large for their age (246 mg average). Tlie ovaries and sex 
accessories xvere variable of size, not involuted, thyroids and 
adrenals were of normal size (23 mg and 80 mg average). 
These rats were neither giants nor did they supply indications 
for refractoriness either to chondro- or to gonadotrophin. 

They were bled by decapitation and 0.3 ml. of their serum 
Avas subcutaneously injected daily to tail test rats along Avith 
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one unit intraperitoncally of the standard (0.35 mg of Gr 238 
R) during 7 days. Controls were treated with the standard 
alone. The average gain of weight in 5 serum treated rats 
was 5 Gm in a week, with a tail increment of 9 mms, while 
in the five control rats the corresponding Hgurcs were 3 Gm 
and 10 mms. There was therefore no significant transferred 

refractoriness. 

We then turned to another type of experiment on the same 


subject. Daily injections of 25 mg acetone dried powder acqui- 
valent of the standard were given to 20 male rats for three 


weeks (14 Jan. 1946 to 5 Fehr. 1946). Then these twenty rats 
and 5 comparable controls were hypophysectoniized and in- 
jections were now given daily to all rats, hut the dose was 
reduced from 71 to 5 units (1.75 mg acetone dried powder 
aequivalent of the standard) per day. All the injections were 
given intraperitoncally. Tlie average weight increment of the 
20 pretreated rats was 15 Gm with a tail growth of 11 mm 
in a fortnight, while the five controls gained an average of 
20 Gm weight and 12 mm tail length. Since these differences 
are non significant, these experiments should be considered 
either inconclusive or contrary to the assumption of acquired 
refractoriness to bovine growth hormone in rats. 

It should be understood, that these experiments contain 
no indication as to other than bovine chondrotrophin in rats. 

It is noteworthy, that we regularly notice a decrease of tail 
length increment in the second and especially in the third 
week of treatment of hypophyseclomizcd rats. It was always 
a problem, whether an acquilibrium is apiiroachcd between a 
given daily dose and the tail growth already achieved, or if 
refractoriness would develop as a result of treatment during 
one week. This question seems to be settled now, so far as the 
present type of chondrotrophin is concerned. Rats compara- 
tively heavily prelreated, again responded a little better to the 
first weeks injections than to those of the second week, just 
like the non pretreated controls. The decrease in response may 
be due to deterioration progressing after hjqiophyscctomy 
while substitution is inadequate. 
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RESTITUTION 

Our attempts to produce gigantism in rats met with 
moderate success. Of several experiments we reported one o{ 

8 months with daily doses of 70 units, whose dry residue was 
4.2 mg aequivalent to 35 mg acetone dried powder [Freud 
Dingemanse & Levie (1939)). Among the skeletal responses 
in that experiment, pelvic enlargement was rather striking. 

Subsequently Freud & Dingemanse (1940) when reporting 
on hypophysectomized rats stated that 235 units of chondro- 
trophin daily produced more than normal growth, namely 
w'eight increments of 80 to 96 Gm (in 4 out of six rats) and 
tail length increment above 40 mms in the same rats. The drj' 
residue per daily dose was in the two preparations used for 
that experiment 8.23 and 6.4 mg. The unit was therefore con- 
tained in 0.035 and in 0.028 mg. The acetone dried powder 
contained the unit in not too far from 0.35 mg and its weight 
was reduced by salting out and by pH manipulations to less 
than 1/1 0th. 

These two experiments show, that more than three times 
as many units per day were needed for restitution of growth 
after hypophysectomy, than we tried to use in the attempt 
to produce excessive growth. We might have anticipated the 
failure to achieve gigantism. It may well be that for stimula- 
tion of excessive growth in normal rats more than the restitu- 
tion dose is needed. This conclusion is in reasonable agree- 
ment with experiments published from the laboratory of H. M. 
Evans by Li & Evans (1947). 

These authors report on a pure growdh hormone, whose 
unit (not far from ours) is contained in 0.01 mg. They injected 
up to 200 times that much in a long experiment to obtain 
excessive growth. The actually injected dry residue was ac- 
cordingly 2 mg per day. From 1 Kg. fresh bovine adenohypo- 
physes they obtained 50 mg pure substance, that is 25 daily 
doses. Their yield of acetone dried powder from mashed hypo- 
physes was 250 Gm. Their refinement amounted to a reduction 
of dry residue 5000 times. Their daily dose was according to 
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this calculation the acquivalenl ot 10 Gm acetone dried powder 
(in the latter part of the experiment). 

While the agreement in daily units between our restitution 
and the Californian dose for gigantism is rather remarkable, 
it is obvious from the figures here presented, that for about 
82 mg acetone dried powder of our laboratory the Berkeley 
workers used 10.000 mg of their acetone powder, which is 
more than 100 times as much. 

We had an opportunity to discuss with Professor himns 
the problem of growth hormone early in 1947. His slalemenl 
in answer to our question of losses in the process of purifica- 
tion was, that losses were negligible, though difficult to as- 
sess, as crude preparations are less potent on account of con- 
taminating active principles interfering with growth. It seems 
improbable, that this antagonism would reduce the growth 
principle to 1/100 of its activity. We have no explanation for 
the remarkable fact, that bovine adenohypophyses at Berkeley 
yield 5000 units per Kg and that they yield 500.000 or even 
more similar if not quite identical units at our laboratory. 
We arc more than ever convinced, that data on yield arc as 
essential as are data on unit dry weight. 

We were not in a position to refine a sufficient amount of 
chondrotrophin for the purpose of reproducing at last ex- 


perimental gigantism in rats. But we bad enough of the pre- 
paration El (see table 3), thanks to the courtesy of Organon 
Ltd., London, to perform a series of complete restitution ex- 
periments with the crude extract of that acetone powder. These 


experiments lasted 3 weeks. It was assumed, that 0.35 mg of 
the powder would be a unit of chondrotrophin, though ac- 
cording to Table 3 this may be a little loo optimistic. We 
injected twice 0.5 ml per day, 1 ml containing 200, 400 or 800 
^nils (70, 140 or 280 mg acquivalenl of the acetone dried 
powder) to recently Iiypophyscctomized rats of the same type 
as described in preceding paragraphs. There were two kinds 
of controls, namely hypophyscctomizcd uninjected and sham 
operated untreated rats. The results are averaged and thus 
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computed in table 4. Dead rats are omitted from the table 
'Fhc experiments were performed in February, March and De- 
cember 1947. 

We used 50 hypopbysectomized rats for treatment, 20 for 
control and 20 non bypophyscctomizcd rats. 

Table Ik 

Weij,dit increments in Gm and (ail Icngtli increments in mm. of 
hypopliy.scctomi7.cd male rats treated with chondrotrophin for 3 
weeks, as well ns untreated controls and untreated sham 
operated controls. 


Dnily (lose 

In iiiiils 

.S'limlicr 
of rats 

Aver. Inil. 
svelRhl 
(< 111 

WeiKlil 
Incrcm. 
in (ini. 

jTail Icni'Hi 
hicrrrncnl 
aver, in 

nitn 

.Siniulliin. experim. 
beiir idenl. 
roninn fiRurcs 

200 

Ilypopliy- 

seeloini/od 

8 

111 

27 

18 

I 

200 

7 

101 

42 

28 

11 

400 

7 

OS 

G1 

34 

II 

400 

5 

113 

Go 

29 

III 

SOO 

G 

100 

45 

27 

IV 

0 

Ilypopliy- 

.scclotnlrcd 

4 

118 

—4 

2,G 

I 

0 

4 

105 

—4 

C 

II 

0 

5 

129 

—2 

4 

III 

0 

4 

107 

—9 

3 

IV 

0 

Sliniii 

openiled 

5 

113 

59 

29 

I March 

0 

0 

107 

90 

42 

11 December 

0 

5 

110 

G2 

31 

III February 

0 

f) 

111 

GO 

29 

IV June 


This table shows, that normal weight increments may vary 
by 30 Gm in three weeks and that in treated hypophyscctomiz- 
ed rats there is a tendency to greater weight increment paral- 
lel with normal controls. 

The hypophysectomized rats were adversely affected by 
the injection of 280 mg aequivalent of acetone dried powder 






91 


(800 units), they had peritonitis. The dry residue injected was 
nearly 100 mg a day. A solution of 100 mg per ml was lyo- 
philized till the required high concentration was attained. 

In table 4 a. we present the averages of a few organ weights. 


Tabic 4 a. 

Weight in mg of organs from hjTiophysectomizcd male rats treated 
with chondrotrophin for 3 weeks, as well as untreated controls and 
untreated sham opei-ated conti'ols. 


Daily 
dose 
ill units 

1 Groujis 

Mg 

weifihl i 
of 

Thyroid 

Mr wciRht of 

I Supra- 
renal 

[ Testicle j 

Semin, j 
Ves. j 

Tlivmus ' 

1 

[ Prepul. 

1 



HypopUy- 







scctomi7.od 





200 

I 

8 

20 

563 

63 

— 

79 

200 

II 

12 

26 

444 

71 

384 

94 

400 

II 

15 

35 

447 

40 

430 

133 

400 

III 

12 

40 

834 

110 

— 

154 

800 

IV 

CO 

35 

698 

126 

202 

154 



Hypophy- 







seclomizcd 





0 

I 

8 

14 

186 

12 

— 

20 

0 

II 

6 

14 

172 

9 

225 

18 

0 

III 

7 

14 

203 

12 


IS 

0 

IV 

8 

10 

204 

12 

138 

17 



Sham 







operated 






0 

I 

14 

32 

1898 

287 

— - 

79 

0 

II 

29 

42 

1916 

259 

CO 

83 

0 

III 

11 

36 

1640 

194 

. 

75 

0 

IV 

18 

34 

1216 

4G2 

240 
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This sub-table shows, that besides chondrotrophin other 
trophic agents were represented in the extracts, to whose 

of ttyroid, suprarenal, 
testicle and thymus weights. Comparison between the two 

tables shows that the best increments were obtained in rats 

Inal "'u ^ “0 “"ftols. The 

gonadotrophic potency seems to be irrelevant to growth The 

suprarenals, thymus and preputial glands are larglin' r 'is 
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Avhich have grown well. The preputial glands are supernormal 
in the groups injected with high doses. 

The general conclusion from these results is, that complete 
restitution after hypophysectomy (or perhaps more cautiously: 
maintenance) is evidently feasible with hypophyseal extracts. 
Despite that, life expectance is less favourable after hypo- 
physectomy than after sham operation (Infection? Adapta- 
tion?). 

A comparison mth tables 2 and 3 shows, that while growth 
with 4 to 6 units a day is significant in two weeks, nearly 100 
times as much is needed per day to come somewhere near 
complete restitution. 

It is seductive to speculate on the causes of the enormous 
requirement for complete restitution as compared with 
amounts producing highly significant responses. We have 
already mentioned the idea, that perhaps a more potent 
chondrotrophin exists, than that which is active in our assay 
type of experiment. 

Another possibility would be, that other trophic principles, 
especially the thyrotrophin, may be of major importance for 
strong growth, -while it might be unimportant for such growth 
as we produce in assay experiments. This point is easily ac- 
cessible to investigation. 

Finally it might he, that chondrotrophin itself acts at two 
different points of attack. One of these — cartilage — would 
have a low »differential threshold«. The other point of attack 
might he in the bone or other tissues relevant for gro-r^dh. This 
point of attack might have a high ^differential threshold«, 
perhaps 100 times as high as cartilage. Moderate growth might 
result from unstimulated cooperation of the second point of 
attack, whereas strong growth might require a stimulated 
cooperation and therefore excessive amounts of chondrotrophin 
or for that part of another trophin existing in the prepara- 
tion. 

On the elucidation of this point may depend a part of the 
applicability of chondrotrophin for the purpose of human 
therapy. 
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SUMMARY 

Skeletal indicators, especially the epiphyseal cartilage of 
hypophysectomized rats, are recommended as decisive indi- 
cators of the growth principle, to which the name chondro- 
trophin rather than somatotrophin is assigned. Weight in- 
crement is less characteristic. A standard for reference is 
wanted. Chondrotrophin comparative assay was based on pre- 
and post-treatment skiagrams of the tail of bypophyseoprivic 
rats, which is representative for skeletal growth, since the 
tail consists of 27 vertebrae with 54 epiphyseal disks. 

Out of 27 patients 6 responded with a length increment 
in excels of expectation during 90 day cures with 100 »units« 
chondrotrophin per day in tw’o courses of 30 injections. Cau- 
tious credit is given to chondrotrophin. The principles of as- 
sessing results and causes of failure are discussed. 

A local standard acetone dried powder of bovine adeno- 
hypophyses w^as used for years. Of this pow'der 0.35 mg was 
defined as unit. 

Comparative assay results w^ere evaluated on the basis of 
aequipotent yield and purity. Statistics of 800 rats were basic 
for assay principle: 1, 2 and 6 units of the standard \vcre used 
for comparison in 7 or 14 days experiments. The threshold 
tail growth requirement was 6 mm in male rats of 100 Gm at 

hypophysectomy in 7 and sligtlily more in 14 days experi- 
ments. 

Very young rats (9 days) grow ahormonally for days, the 
growth delay becoming more marked wdth age progress. Diet 
and environment have influence. Assay examples are discussed 
showing detection of chondrotrophin in main and other frac- 
tions. Occasionally 0.01 mg purity per unit (60-foId reduction 
of dry weight) was achieved. 

Proximal tibia epiphysis height measurements are valuable 
short term indicators of activity, but inferior to tail lest. 
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No acquired refractoriness to chondrotrophin (bovine) in 
rats was demonstrable in two sets of tests (serai transference 
and pretreatment experiments). 

Gigantism was not really obtained perhaps on account of 
low dosage (70 units) but complete substitution (maintenance 
of growth) for 3 weeks was repeatedly obtained with daily 
doses well above 200 units. 

These experiments in addition to assay, conclusively show 
a high yield in crude extracts as compared with results quoted 
by the Berkeley group of workers. 

In our crude extracts there were other trophic principles, 
especially thyrotrophic in addition to chondrotrophin. 

Since the assay dose (semirestitution) is a hundred times 
below the restitution dose, the possibility of more than one 
chondrotrophin or more than one point of attack with widely 
different » differential thresholds« is mentioned for' hypo- 
thetical explanation. 
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Tail skiagrams of rats. 

Interval between skiagrams of the same rat: 3 weeks. 

„ , . • 1 Hypophysectomized 

Non hypophysec- Hypophysectomi/.ed injected with 400 

tomizeci control control units of chondrotophiii 
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From the Phai'macological Laboratory of 
the State University, Leiden. 

THE GONADOTROPHIC POTENCY OF THE 
HYPOPHYSIS IN OESTROGEN-TREATED RATS 

BY 

J. H. GAARENSTROOM AND S. E. DE JONGH 

Some 3 ’'ears ago Gaavenstroom & dc Jongh (1943, 1946) 
supplied biological e\idence lor the joint presence of two 
gonadotrophic hormones in the hypophysis of the rat. To make 
the following exposition more easily understandable we will 
briefly recapitulate the arguments that have led to this con- 
clusion. 

It is generally known that in rats the gonadotrophic potency 
of the hypophysis decreases when the animals are treated for 
some time with oestrogens. When such animals had received 
daily 0.2 — 0.5 mg. oestradiol during a fortnight, the growth 
their hypophyses produced of the testes of the hypophyscc- 
tomized young male recipients in whose abdomen they were 
grafted, appeared to lag behind the growth that was obtained 
by means of the hypophysis of an untreated donor. As we 
knew that the testis requires two substances, viz. the substance 
described under the name FSH and another one, which is 
called ICSH, for its growth, we repeated the implantation ex- 
periments with recipients to whom in addition a surplus of 
ICSH chorionic gonadotrophin was given. That this enhanced 
the effect of the implanted organ is not surprising, but wc 
noticed also something else, namely that there was now no 
longer any difference between the action of the two kinds of 
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hypophyses. This might have been due to a supra-maximal 
value of the gonadotrophic stimulus. When, however, we re- 
ruced the size of the implanted pituitary tissue, we found that 
the effect decreased, and the stimulus therefore could no 
longer be regarded as supra-maximal. In these cases too the ef- 
fect of the hypophyses of the oestradiol monobenzoate treated 
donors nevertheless remained the same as that of the hypo- 
physes of the untreated donors! 

When chorionic gonadoti’ophin is injected in young hypo- 
physectomized rats that have not been provided with another 
hypophysis, it produces no testis growth of any importance. 
This proves that ICSH can not have been the gonadotrophic 
substance by which in the experiments mentioned in the pre- 
ceding paragraph the testis growth was produced. The amount 
of the substance that was responsible for that effect, under- 
went apparently no decrease when the animals were treated 
with oestradiol monobenzoate. Therefore, the substance whose 
production decreased, must have been ICSH, the other one 
FSH. 

We have thus shown P that a high dose of oestradiol 
monobenzoate decreases in the rat the production of ICSH but 
not that of FSH and 2° that these two substances are present 
in the hypophysis independently' of each other. This is the 
position that was reached when we concluded our previous 
experiments. 

It seemed worth while to undertake similar experiments 
■with female recipients. A priori there seem to be no reason 
why the choice of another criterion for the estimation of the 
gonadotrophic potency of the hypophysis would lead to dif- 
ferent results, but a confirmation of our earlier conclusions 
would, all the same, be Wellcome. Moreover, we should not 
forget that the growth of the ovary' does not depend on two but 
on three gonadotrophic factors, the third one being prolactin, 
which causes an increase of the cell size of the corpora lutea 
{Evans et al. 1941). It was of interest to investigate whether a 
treatment with oestradiol monobenzoate would also produce 
a decrease of the prolactin production in the hypophysis. 
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In a preliminary experiment the rats in wliicli hypophyses 
were implanted received no chorionic gonadotrophin atter the 
implantation. The donors were daily injected with 0.2— 0.5 mg. 
oestradiol monohenzoate for a period of 12 to 16 days prior to 
the implantation. The hypophy.sis and right ovary of the re- 
cipitients were removed on the same daj', and after that two 
hypophyses taken either from rats that had lieen treated with 
oestradiol monohenzoate or from untreated ones, were grafted 
into the abdominal cavity. Five days later the left ovary and 
the uterus were removed. Their weights are recorded in section 
I of tlie table, which also gives data relating to a group of rats 
in which no hypophyses had been implanted. 

The table shows that the hypophyses of the untreated 
donors are the only ones of which a positive effect on the 
ovary Aveight is recognizable. The effect on the uterus weight 
was distinctly stronger than that of the hypophyses of the 
donors that had been treated with oestradiol monobenzoate. 

In the main experiment, in which, because of the additional 
treatment with chorionic gonadotrophin (2 X 2,5 i. U, pregnyl 
of Organon Ltd. daily), a far stronger effect of the implant 
was to be expected, each recipient received but a single hypo- 
physis. For the rest the experiments were ]ierformed in the 
folloAving way. 

Two groups of male rats and one group of female ones were 
chosen. In each of these groups part of the animals received 
in the 12 to 16 days preceding the hypophysectomy a daily 
dose of 0.5 mg. oestradiol monobenzoate. Then the hypophyses 
weie grafted into the abdomen of young female rats whose own 
hypophysis had been removed. At the same lime the right ovary 
of the recipient was taken away and weighed. Five days later 
the left ovary was removed and weiglicd, A histological ex- 
amination provided data with regard to the presence of corpora 
lutea (cf. section II of the table, in which the data of these 
three groups are united). 

In all three groups (i. e, independent of the sex of the 
donors) the effect of the implant on the ovary weight of the 
receptor is m case the hypophy.ses were taken from animals 
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that had been treated with oestradiol monobenzoate, distmctly 
lower than the effect on the ovary weight of receptors that had 
received hypophyses of untreated donors (50-73, 19-37, 
16-28; average 28-45 mg.). This result might be ascribed 

to: 

a. a completely incomprehensible difference between the 
behaviour of the male recipients with which we dealt in 
our previous communication, and that of the female 
ones of the present .study, or 

b. the intervention of prolactin. 

The choice between these two possibilities is made easier 
by the outcome of a series of experiments in which recipients 
were used Avhose right ovaries were, because of the influence 
of the season, of a smaller size than those of the rats wdiich 
we used previously, and whose ovaries reacted therefore less 
strongly to a gonadotrophic stimulus of the same strength {cf. 
section III of the table). In t/iis group no differences were found 
in the ovary weights! In contrast to those of the animals used 
in the other experiments, the left ovaries were, as a rule, not 
luteinized. It seems plausible therefore to correlate the dif- 
ferences observed in the former series of experiments with the 
presence of corpora lutea. 

Now it would he somewhat far-fetched to ascribe a dif- 
ference in the development of two groups of ovaries that re- 
mains confined to the period of luteinisation to a difference 
in the amount of FSH. The fact that we ourselves are convinced 
that FSH plays a part in the luteinisation ioo, and have rai.sed 
for this reason objection again.st the use of the names FSH 
and ICSH (= LH) {Gaarenstroom & dc Jongh, 1946), is of no 
importance in this respect, for in the period just before the 
luteinisation we would have a well-marked difference in the 
development of the ovaries anyhow. That the difference is 
confined to those cases where the corpora lutea are already 
present, is, on the contrary, in complete agreement with our 
second assumption that the difference is due to the action 

of prolactin. However, against this assumption too some objec- 
tions can be raised. 
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In the first place we will have to account for the fact that 
the histological examination of the corpora lutea of the lest 
animals and of the controls did not reveal a marked difference 
in the size of the cells. In both groups the corpora hitea ap- 
peared to occupy an intermediate position between ordinary 
corpora lutea and corpora lutea graviditatis. This difficulty, 
however, need not to be disturbing, for although difference in 
the size of the cells are, as a rule, sufficiently distinct when 
the begin and end stages of the development induced by pro- 
lactin are compared, they are by no means easily distinguish- 
able in the intermediate stages. However, if the difference in 
the degi'ee of development of the ovary, and here we think, 
of course, in the first place of a difference in the development 
of the corpora lutea, should be due to an influence exercised 
by FSH, we should certainly have to expect a difference in 
the number of ovaries with and without corpora lutea in the 
two groups. Section II of the table shows that no difference 
of this kind is present. If it had been present, it would un- 
doubtedly have revealed itself in these figures. 

The fact that the uterus weights in section III of the table 
show, in contrast to the ovary weights, a distinct difference, 
seems at first sight a more serious objection against the second 
assumption. If is trv\e that the uterus is apt to react more 
vigorously than the ovary, but it remains all the same rather 
strange that the uteri of the test rats behaved as if they had 
been exposed to a lower oestrogen dose than the controls. This 
would mean that the ovaries of the test rats had produced 
less oestrogen than the ovaries of the other ones. As no in- 
fluence of prolactin on the production of oestrogen has ever 
been observed, the difference in the uterus weights would have 
to be regarded as an argument against the assumption that the 
production of FSH has remained the same. The difference in 
the mean uterus weights in section 111 of our table, however, 
can by no means be regarded as significant (t = t.4), as the 
uterus weights always show a wide range of variability. From 
a statistical point of view there is, on the other hand, no 
reason to doubt that the ovary weights in section II of the 
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table are different and in section III arc equal. For this reason 
we are inclined to accept the prolactin hypothesis for the ex- 
planation of our observations. 

After suggesting the hypothesis that oestrogen retards the 
prolactin production of the hypophysis, we have to consider 
its consequences. 

It is generally known that oeslrogcns may favour the origin 
of corpora lutea graviditatis in experiments of short duration, 
and that this effect, which suggests the intervention of pro- 
lactin, is not found in hypophysectomized animals. As far as 
we know, it has not yet been decided whether the effect is due 
to an increase of the prolactin production or to a stimulation 
of its activity. The first-named possibility is obviously in con- 
tradiction with our hypothe.sis, but even if this was not so, the 
second would be a more attractive explanation, because it 
agrees with our interpretation of the Hohhveg effect. 

The Hohhveg effect is a reaction produced in not fully mature 
rats by a single injection of oestrogen, and consists in the develop- 
ment of ordinary corpora lutea (not. corpora lutea gravidilalisl). 
It has always been ascribed to a sudden release of gonadofropliic 
hormone, but GaarcvsLronm d: dc Jongh (19.i3) as well ns lUddulph 
(f* Meijer (19.16) could siiow that it is due to a stimulation of the 
latter’s nctivity. 

At first sight it might seem strange that oestradiol would 
retard the production of a substance that is so much needed 
during pregnancy and whose activity it slimulalcs. This, how- 
ever, applies, at least to some extent, to ICSH loo. During 
pregnancy the production of this substance is taken over by 
the placenta, whose activity is in this respect not affected by 
oestradiol. In this connection it is interesting that the placenta 
can also produce prolactin or, at least, a substance with an 
Identical action {Deaneshj & Neioton (1941)). A retardation of 
its production in the hypophysis would therefore not effect 
the normal progress of pregnancy. 
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SUMMARY 

The effect of implanted hypophyses on the ovary weight of 
hypophysectomized female rats is decreased when the donors 
have previously been treated with oestradiol monobenzoate. 
The administration of an excess of ICSH to the recipients 
makes no difference is this respect. The decrease may be due 
to a diminished production either of FSH or of prolactin. The 
fact that the decrease was not found in male receptors nor in 
immature female ones in which in the course of the experi- 
ment no luteinisation took place, may be cited as an argument 
against the possibility first-mentioned. When we accept the 
second hypothesis, viz. the reduction of the prolactin produc- 
tion, the explanation of these facts offers no difficulty, for 
prolactin is not required for the development of the testis, and 
it acts in the ovary especially on those corpora lutea that are 
already present. 
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Amioimcements from 
ihe Endocrinological Societies 


DANISH SOCIETY FOR ENDOCRINOLOGY 

6. Meeting, Jan. 7, 1948, State Serum Institute, Copenhagen. 

Aa. Then Nielsen, K. Pedcrsen-Bjcrgaard ct- M. Tounescn: Speciro- 
photometric determination of dehydroandrostcrono. 

A. Let]), Pedersen: A case of adrenal virilism. 


7. Meeting, Febr. 26, 1948, State Serum Institute, Copenhagen. 

^ growth hormone from the hypo- 


S. "^ng, April 29, 1948, Slate Scrum Inslilulc, Copenli.age,,. 
of orally aumtaislcreil oostr™„“,‘'pe';i "" 


SWEDISH SOCIETY FOR ENDOCRINOLOGY 

Meeting, Febr. 9, 1948. 

active phosphorus*^^^''^^^ ^*»yroid gland measured with radio- 
cHecl of oeatrone on ihc adrenal cortex. 
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Meeting, March 15. 

L. Thorling: Report of a case of operated insuloma. 

B. Hallgren: Report of a case of hypertropliia mammae acuta. 

N. B. Nordlander: Patients with insulin resistance. 

J. Waldenstrom: Actual metabolism problems in morbus Cushing 
iY. Tornblom: Acromegalj’- or osteodermatopathie hypertrophiante 

Meeting, April 19. 

O. Gann: Studies on cystic ovary degeneration in cows, pavti- 
culary with regard to its etiology and pathogenesis. 

P. Meschaks: Detei’mination of 17'ketosteroid in urine in cows 
and horses. 

S. Nilsson: On dermatosis in the dog, caused by endocrine 
disturbances. 

S. Dyrendahl: Long time investigation with iodinated casein 
(thyroprotein) on animals in gi-owing ages. 

Meeting, May 24. 

R. Luft: Carcinoma mammae and testosterone propionate. 

H. Fernandez-Mordn: The cells of the anterior pituitary in the 
electrone microscope. 

G. Klein: The inhibition of the effect of thyroxin on serum lipase 
by thiouracil. 

L. Goldberg: Dextrose tolerance test. 

R. Luft: The effect on blood pressure of desoxycorticosterone ace- 
tate and salt. I. 

B. Sjogren: The effect on blood pressure of desoxycorticosterone 
acetate and salt. II. 

G. Malmstrom: The effect of testosterone propionate in effort 
angina. 
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From the Departments of Surgery and of Pediatrics, 
Crownprincess Louise’s Children’s Hospital, and the Depart- 
ment of Pathology, Sahhatsherg’s Hospital, Stockholm, Sweden. 


PRECOCIOUS SEXUAL DEVELOPMENT 
PRODUCED BY AN INTERSTITIAL CELL TUMOR 

OF THE TESTIS 

BY 

PHILIP SANDBLOM 

This is a report of a case of precocious sexual development 
in a boy 3 years of age, due to an interstitial cell tumor of the 
testis. Of the eight cases of this type reported in the literature 
(table 2) this is the youngest and the only case in which the 
17-ketosteroids have been studied. 


CASE REPORT 

In May 1946 a boy aged 2 11/12 years was admitted to the pediatric 
department of the Crownprincess Louise’s Children’s Hospital 
(K. L. V. 528/46). He was the only child of healthy parents. The hoy 
had developed normally until the fall of 1945. Then, at the age of 
2 3/12 years he began to increase abnormally in weight and height. 
In 5 months he gained 4 kg. and in the following 3 months he gained- 
another 4 kg. His facial expression became coarse and his skin 
became seborrhoic. Coincident with this his voice began to change. 
At the age of 2 8/12 years the external genitals were noted to be 
abnormally large and he became sexually sensitive with frequent 
erections. Two months later the pubic hair began to grow. He 
became difficult, ill-tempered and easily irritated. He was no more 
interested in playing with other children, 

Phtjsical examination (Photo: Fig. 1). 

A boy of 2 11/12 years. His height is 108 cm, (the normal 96.7+12.0 cm.) 
and his weight 21.7 kg. (the normal for the height 18.1 + 3.9 kg.). The 
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heart measures 52 cm. and the chest CO cm. The lips are t nek No 
signs of acromegaly. The skin of the face is moist and sabovrho.c. 
The voice is as startling as his appearance - a low basso nith Se- 
quent breaks. The musculature is unduly developed for lus age and 
very firm. X-ray examination reveals the skeletal development dm - 
acteristic for a boy of from 6 to 7 years of age. Tcetli 10/10. 

The penis, when flaccid, is 6 cm. The left testicle is the size of 
a small plum, the right testicle barely half this size. There is some 
soft liair over the pubis. No hair in the axillae or on the chest. The 
thyroid is not palpable. The sella turcica is normal. No signs of 
adrenal tumor are demonstrable either by palpation or by x-ray of 
tlie kidneys. Examination of the heart and lungs is negative. The 


reflexes are normal. 

Laboratory findings; Blood studios showed Hb., 75%; red cells, 
4 millions; white cells, 6.200; differential count: stahs 6, segmented 34, 
eosinophils 3, lymphocytes 50, monocytes 6, and plasma cells 1. W. R. 
neg.; non-protefn nitrogen, 36 mg. per cent; sodium 248 mg. per cent 
(normal 280—360); potassium 27.G mg. per cent (normal 17—23); 


cholesterol 150 mg. per cent. Sedimentation rate 15 mm. 

Results of blood sugar tolerance test in mg, per cent: fasting. 
120; 1 hour, 156; 2 hours, 132; 3 hours, 104; 4 hours, 70. 

Tlie 17-ketosteroid output is 23 mg. per 24 houi'S. 'Die normal 
value for this ago with the method employed is around 2 mg. per 
24 hours. 

'Die inteUigcuce tost gave an intelligence quota of 111. 

The endocrinologist consulted suspected an adrenal tumor. 

It was decided to explore (he adrenals; (liis was done .Tune 5. 
The right adrenal was entirely normal whereas the left adrenal was 
firmer and had a dark induration the size of a pea. 'Die loft adrenal 
was removed. The recovery was uneventful. 


PfiiholofjisVs report. (Pro[. H. Beraslrmul). 

oTliree specimens of the adrenal were examined. One of these 
showed the general achitecture of the adrenal. In some uveas the 
medulla is very wide and tlie cortex thin in proportion. No glome- 
rular zone is seen in the cortex. The reticular and the fascicular zone 
are of the same width. In (ho reticular zone some cells liavc as 
usual taken some staining with the Ponceau-Fuchsin slain. Out- 
side and witliin the adrenal capsule some small helcrotopic foci of 

adrenal tissue can be discerned having the character of the glome- 
rular zone. 


In the other specimens the architecture is deranged and in a 

capillaries are widened and the paren- 
chyma leduced. In some areas blood has escaped amongst the colls 
the leticular zone; m such areas the parenchymal cells show 
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atrophy or have disappeared and the nuclei are pycnotic in several 
instances. No blood pigment is observed. Within this area the naren- 
chymal colls take more Ponceau-Fuchsin stain than do the surround 
ings. Also in the third specimen, which is fixed in chrome there 
are found heterotopic cortical islands. Staining by Sudan lii and 
osmic acid reveals no or but little stainable lipoid content of the cells 
in the glomerular zone. The heterotopic islands of parenchyma 
aforementioned resemble the glomerular zone in this respect. 

Diagnosis: Adrenal malformation and circulatory disturbances.« 


During the 5 months following the operation the boy increased 
10 cm. in height and 4^ kg. in weight (to 118 cm. and 26.2 kg., re- 
spectively). During the first months after the operation he was more 
calm and collected. Then again the sexual tendencies became more 
marked; he had daily erections and made sexual advances to adult 
women to the great perturbation of his parents. His temper also 
became Avorse. The 17-ketosteroids increased to 6-4 mg (Fig, 5), where- 
as the gonadotrophic hormone remained normal. The hair on the 
pubis grcAV as did the penis. His testicles remained the same e.vcept 
that the left testis which was the size of a smal plum grew some- 
what firmer. The prostatic gland had the size and consistency of 
that of a young man. The seminal vesiculae Avere not palpable. He 
suffered from facial acne. (Photo: Fig. 2). 

It Avas suspected that there Avas a tumor of the left testis. This 
groAvth Avas removed Dec. 16, 1946. 

Pathologist's report (Prof. H. Bergstrand). 

)>A round tumor, the size of a plum Avas found in the center of 
the testis, separated by a connectiA'e tissue capsule (Fig. 3). It is 
built similar!}'’ to the endocrine glands: it consists of groups of 
epithelial cells resembling follicles, separated by a netAA'ork of capil- 
laries. The epithelial cells are large due to abundant cytoplasm, 
irregular in shape and close to each other. The nuclei ai’e large, 
mostly round and of varying size and chromatic content. Some are 
vacuolated, others richer in chromatin. With Mallory stain some 
of the cells shOAV small red-colored granulae. Staining by Sudan HI 
and osmic acid is negative as is the melanin stain of Masson. The 
adjacent testicular tissue is pushed to the side and does not shoAV 
any signs of spermatogenesis — it is perfectly normal in appearance. 

Diagnosis: Interstitial cell tumor.« 

The boy Avas follOAved 1 year after the last operation. The 17- 
ketosteroids output diminished (fig. 5). His rapid groAvth ceased im- 
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Fig. 3. 

Cross section of the testicular tumor. Size indicated by the metric 

scale and X 450 resp. 
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mediately. His height increased only 9 cm. and his weight 1.8 l^g- 
His mental state has returned to the childish grade. He does not 
exhibit further sexual interest. Since the operation he has no further 
erections. After a few months the voice became lighter and ho began 
to play with other children. 


Physical cxaniinalion Dec. 7, 1947. (Photo; Fig. i)- 

The general build of the patient is more childish. The musculature 
is not so marked. The voice is still deep but lighter than previously. 
The facial skin is smooth and soft. The lips arc not so ])rotruding. 
Tlie hair on the pubis is gone. The penis is 7 cm, long and 8 cm. 
in circumference. The glans is smaller than a year ago. The right 
testis is somewhat larger than previously. The prostatic gland is 
diminished and is now hardly palpable. Potassium in blood 17.2 
mg %. The ketostcroid-outpul is 17 mg/24 hrs. 


SUMMARY OF CASE REPORT 

A boy aged 2 11/12 years entered the liospital with a history 
of precocious development, especially of the sexual charac- 
teristics. 

At examination his chronological age was 2 9/12 years, his 
intelligence age was 3 3/12 years, his skeletal age was G to 7 
years and his sexual age was 17 years. He presented the clinical 
picture of isosexual precocity. It was, however, incomplete, as 
it later was shown that there was no spermatogenesis. The 
output of 17-kelosteroids was increased to values normal for 
a fullgrown man. 

An abnormal left adrenal was removed. The operation was 
followed by a slight and transient regression of the symptoms. 

Tlie gonadotrophic hormone was normal hut the 17- 
ketosteroids continued to increase. Five months later the left 
testicle was removed; it contained an inlcrstitial cell tumor. 
Following this operation the symptoms immediately com- 
menced to regress. 


DIAGNOSIS 

The different causes of precocious sexual development in 
ms are listed in the following table with the number of cases 
recorded in each group. (For further information sec Seckel 
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Tabic t. 

Precocious sexual development in boys. 
Clinical Type and Pathology 


No. of 


I. Idiopathic Type 
(Without demonstrable pathology) . 

II. Cerebral Type 

a) Pineal neoplasms 

b) HjT)othalamic pathology 

III. Adrenal-cortical Pathology 

a) Hyperplasia 

b) Neoplasms 

IV. Interstitial Cell Tumors of Testis 


(1946), also Kaiifnmnn (1907), Lufi (1944) and Nation cl al. 
(1944)). 

One important difference between the hvo first groups on 
the one side and the two second groups on the other is, Hint 
the sexual precocity^ in the former is complete and in the lat- 
ter is incomplete, i. e. in the former group the gonads arc 
mature and in the latter group they are immature. 

This is due to the fact that the former probably is caused 
by a supra-production of gonadotrophic hormone while in 
the latter the gonadotrophic hormones arc normal for Ihe age 
while the androgens are increased. The huge amount of 17- 
ketosteroids produced in this case proves it to belong to one 
of the two latter groups. It was also later shown to he a case 
of incomplete precocity with immature gonads. 

The differentiation within this group between adrenal- 
cortical paihology and testicular neoplasm is dependent on the 
demonstration of tumor in cither of those glands. In the pre- 
sent case, although no definile tumor was demonstrable, the 
diHerence in size of the testicles should have been strong 
evidence for a testicular tumor. 


HORMONE STUDIES 

This is the first case of this type in whicli Ihc urinary 
androgens have been studied, (Fig. 6). (The hormone studies 
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were done by doctor S. Mattson of the Hormone Laboratory of 
the Sabbatsberg’s Hospital). When first examined they were 
increased for the age (23 mg/24 hrs.) but still within the range 
of the normal adult male {Talbot et al, 1942). Later they 
increased considerably (64 mg/24 hrs.). The gonadotrophic 
hormone was normal. 

Venning (1942) made a study of the hormones in a group 
of men with an interstitial cell tumor. She found between 980 
and 1040 mg. 17-ketosteroids per 24 hours. The inadequacy of 
the method used in both cases (Zimmerinann) renders com- 
parison uncertain. Venning considers her values to be 50 times 
greater than the normal for comparable ages. Referred to age 
the increase of 17-ketosteroids in the present case may be con- 
sidered to be approximately the same (using as normal value 
for the age an output of 1 — 2 mg. per 24 hours as given 
amongst others by Hamburger, 1948). 


s. 



17-ketosteroids in mg per 24 hrs. urine during course of disease. 

The increased output of urinary androgens in the present 
case was to be expected. It is further evidence of the fairly 
established fact that the interstitial cells of the testes by their 
production of androgens develop the secondary sexual char- 
acteristics in the male. 
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THE EFFECT OF THE OPERATION 

Following the removal of the one adrenal a tempoiarj' re- 
gression of the symptoms was noted. The output of androgens 
was not influenced, however, and the amelioration can well 
he explained by the interference with the general condition 
caused by a major operation. 

The effect of the removal of the interstitial cell tumor was 
striking. 

An immediate check w’as put to the progress of all of the 
symptoms, including growTh. A regression set in which was 
speedier and more pronounced in regard to the functional dis- 
orders and slower and less comprehensive in regard to the 
organic changes. 

As showm hy the graph the 17-kelostcroids returned to 
about one fifth of the maximum, that is to a value, normal for 
a 30-years old man. 

The sexual activity stopped immediately and the personality 
regained its childish characteristics in about 3 months. As to 
the regression of the organic changes, the quality of the tissues 
■was influenced rather than the size of the organs. The skin 
lost its coarseness and the acne disappeared, the subcutaneous 
tissue changed from manly firmness to childish softness, the 
lips became less protruding. The pubic hair diminished and 
was gone after 1 year, and the hair of the scalp became 
smoother. The musculature w'as less »hcrculcan«. The proslalic 
gland also diminished. 

On the other hand the voice remained deep and the ]icnis 
remained the same size although it became softer. 

For the sake of comparison the most striking aspects of 
the cases reported so far are presented in tabic 2. 

It can be noted that the present case is the youngest on 
record both in regard to the age at the onset of symptoms and 
the age at operation. 
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Table 

Reported cases of precocious sexual development 


Author 

fear of 
report j 

Age at 
onset j 

Age at A 

operation r 

ge at 
eport 

Size of Ivimor 

Sacchi 

1895 

51/2 

9 V 2 

IOV2 

12X10 cm 

Rowlands 
el al. 

1929 j 

6 

9 

11 

5X4X3.5 cm 

Slcwart 
cl al. 

1936 

1 

4 • 

5 

6 1 

1 cm 

Right testis twice 
the size of left 

Somcrford 

1 1941 


11 

121/2 

10X7 cm 

Hiifman 

1 1941 

i 

4 

6 

8 

5 cm 

Urban 

1942 

5 

i 

5 V 2 

6^/12 

4.5X3.5X2.5 cm 

Werner 
el al. 

1942 

i 

1 

j 

5 V 2 

1 

i 

1 

69/i2 

i 

1 

1 

7 

2.5X1 '3 cm 

Sandblom 


2V*2 

1 3 V 2 

j 41/2 
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2 . 

due to interstitial cell tumors of the testis. 


Endocrine disturbance 


Hormone 

studies 


Eflcct of removal 


Frequent erections, no ejacu 
lations. 

Penis 9 cm. 

Beard 5 cm. 

44 kg. 1.43 cm. 

No ejaculations. 

Much hair on chest, loins and 
pubis. 

No hair in face. 

Pubic hair 5 cm. 

Voice slightly low. 

Penis 10 cm. 

Masculine interests hut no 
abnormal behaviour. 


Pubic hair present. 

* a%* of since the 



Beard disappeared. Penis 7^ cm. 
Right testis larger. No erections. 
Weaker. Stopped growing after 4 
months. G montlis later no furtlier 
change; right testicle slightly larger. 

No retrogression in signs of puberty. 
Hardly changed in any respect. 
Shaves regularly. 

Pubic hair disappeared. Penis di- 
minished to 8 cm. 

(Rem; Premature development of 
the seminiferous tubules in the 
testis where (he tumor was. All the 
stages up to the formation of 
spermatozoa, but no formed sperm- 
atozoa.) 

No regression. 


Moderate growth ot pubic 
Slight enlargement of both ' ' 

Frequent erections 
No ejaculations. 

No libido. 

Pubic hair. 

Voice broken. 


I Aschheim- 
Zondek test 
nog. 


Frequent erections. 
vS dSp. T"^!]ler!'hea^•ier 

nto^muscular ,,.a„ 

Penis 3.75 inches long 1 5 
LifdPn'^i diameter. 

manifested. 
Pudy erections. ~ ~ " 

PenS 6 cm. ^^sso. 

Libido. 


Friedman lest 
ncg. 


Pubic hair disa})pearod. 
No erections, 

Peni.s 1 cm. .smaller. 


«jve attitude cfianenp ‘U'gro.s- 
Loft testicle hicS;, '" 


I Asclihcim- 
j Zondek tost 
nog. 

ij-ketostcroids 
mg/2.t 


^ itbic hair disappeared 
No erections 
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SUMMARY 

A case of precocious sexual development due to an inter- 
stitial cell tumor of the testis is presented. 

1 : It is the eighth case reported. 

2: It is the youngest case with an age of 2 6/12 years at 
the onset of the symptoms and 3 6/12 years at opera- 
tion. 

3: The 17-ketosteroids, prior to the operation as high as 
64 mg. per 24 hr., decreased considerably some time 
following the operation. 

4: After removal of the tumor the symptoms regressed 

first the functional symptoms and then gradually the 
organic changes. 
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From the Biological Department, 

Lovens kemiske Faln'ik, Copenhagen. 

ON THE QUANTITATIVE 
SPECTROPHOTOMETRIC DETERMINATION OF 
DEHYDROANDROSTERONE IN PURE 
SOLUTIONS*) 

BY 

• A.4. TIIEIL NIELSEN 


Dehydroandrosterone occupies a position of importance 
in preparative chemistry, where it forms an intermediate in 
the synthesis of sex hormones, and also in tlie domain of 
physiological chcmislr}', where it is a vita! sul)slance in hor- 
monal metabolism (sec i, a. Frmlgood (1944) and Gallagher 
(1944)). Nevertheless, to the best of our knowledge no spe- 
cific method has hitherto been described for the quantitative 
determination of dehydroandrosterone. Below is an account 
of a simple method of determining the substance in pure solu- 
tions and of some questions relating to its specificity, /\n ex- 
ample of the clinical application of the method to the urine 
from a patient with a tumour of the adrenal cortex is publish- 
ed elsewhere {Thcil Nielsen, Pedersen-Bjevgaard & Tonnesen 
(1948)). 

Kober (1931) found that when ocslronc and certain other 
naturally occurring oestrogens arc healed with phenolsulfonic 
acid and then diluted with water or suitably diluted sulfuric 

Banish Society for Endocrinology, .Tanunry 
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acid, they give a red solution. Dirscherl & Zilliken (1943) ex- 
amined the response of other steroids to the same treatment, 
hut using sulphuric acid instead of phenolsulphonic acid. They 
found that when heated with sulphuric acid, dehydroandro- 
sterone gives a yellow' solution. If about an equal volume of 
w'ater is poured into it, a blue-violet ring appears at the inter- 
face. When the fluids are mixed we get a clear solution of the 
same colour. These workers suggest the application of the re- 
action to quantitative purpose, but they describe no method 
for it. In the follow'ing an endavour has been made to examine 
the factors (heating time, acid concentrations, etc.) that have 
a bearing on the quantitative course of the reaction. 


EXPERIMENTAL 

1. Spectral composition of the reaction colour. 

0.4 ml of a 50 mg % absolute-alcoholic solution of dehydro- 
androstcrone w'as transferred by pipette to a testtube (20 X 
180 mm.), wdiich was then placed in a beaker with iced w’ater; 
2.00 ml. sulphuric acid wms then added. After stirring thorough- 
ly with a glass rod the tube w'as placed into a boiling w’ater- 
bath for 90 seconds. The contents w'ere stirred at the begin- 
ning and end of the heating process. The tube was then re- 
placed in iced water. The coloured reaction mixture was di- 
luted with 8.00 ml. 25 vol. % sulphuric acid (1 vol. sulphuric 
acid diluted with wmter to 4 vol.). After stirring thouroughly 
the extinction coefficient w'as determined in the range 400 — 
700 nqi with intervals of 10 m^i. Measurements were made 
with a Beckman quarts-spectrophotometer, model DU. For 
comparison an experiment w'as made bj' diluting w'ith 100 % 
instead of 25 % sulphuric acid, for the purpose of obtaining 
an idea of the colour formation immediately after the initial 
healing. Fig. 1 is a graphic representation of these two expe- 
riments. It will be seen that the caracteristic colour has its 
absolute absorption maximum at 600 mp. 
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Fig. i. 

Absorption spectra for 0,2 mg. dehydroandrosteronc after sulphuric 

acid reaction. 


Abscissa; Wave length in mp. 

Ordinate; Extinction coefficient. 

; Dilution with 25 vol. % sulphuric acid. 

; Dilution with cone, sulphuric acid. 

2. lieaiing time. 

The same experiment as under 1., hut with the difference 
that the heating time (boiling waterbalh) wms varied from 0.25 
to 10 minutes. After diluting with 25 vol. % sulphuric acid the 
extinction was determined at 600 mp. llie result will be seen 
from figure 2, which shows that the maximum colour intensity 
appeared after 1.5 min. healing, and that if the reaction is 
to be reproducible this time must be strictly adhered to. This 
is the reason why the tubes were placed in iced water before 
and after beating, as described above. 


9 
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Abscissa: Heating time in minutes. 

Ordinate: Extinction coefficient at 600 mjA. 

3. Acid concentration in the final dilution. 

A series of experimenls was set up with 0.2 mg dehydro- 
androstcrone, proceeding as under 1, except that after heating, 
we diluted with sulphuric acid of concentrations varying from 
0 to 100 %. Fig. 3 shows the extinction coefficients (600 ni|,i) 
plotted against the sulphuric acid concentration (vol. %) in 
the finally diluted reaction mixture. 

It will be seen that of the acid concentrations employed 
the 50 % gives the most intense colour. But if the acid con- 
centration is varied, we get not only quantitative but also 
qualitative changes in the colour composition. Fig, 1 already 
shows the absorption spectra of reaction mixtures containing 
40 and 100 % sulphuric acid. It will be seen that there is a 
great difference between them, quite apart from the intensity 
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Fiff. 3. 

Influence of acid concentration on colour development. 
Abscissa: Concentration of sulpluivic acid (vol. %) in tlic final reac- 
tion mixture. 

Oi’dinate: Extinction coefficient at GOO nip. 


at 600 mp. The same appears from fig. 4, though less pronoun- 
cedly; it contains absorption spectra for reaction mixtures 
with 40, 50, and 60 vol. % sulphuric acid. This difference can 
also be seen with the naked eye: the mixture containing 40 % 
sulphuric acid is hlue-violel, with 50 % pure blue, and with 
60 % blue-green. 

Judging from the above, a content of 50 % sulphuric acid 
ill the final mixture is preferable (i. e. dilution should proceed 
with 8 ml. of a 37,5 vol. % sulphuric acid). In actual fad, 
however, matters are more compHcalcd. as will appear from 
the following: 


9 ’ 
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Absorption 


Fig. . 

spectra of the reaction colours in mixtures 
50, and GO vol. % sulphuric acid. 
Abscissa; Wave lengths in mix. 

Ordinates; Extinction coefficients. 


with 40, 


" —ins 40 ana 

60 vol, % sulphuric acid. The evtinclion was measure . 
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600 m|A every 10 minutes up to an 
result is shown in fig. 5. 


hour after diluting. The 



Stability of reaction colour for mixtures containing 40 and 
50 Yol. % sulphuric acid. 

Abscissa: Time in minutes after final dilution. 
Ordinate: Extinction coefficients at COO mg. 


The experiments showed that with 40 vol. % acid Ave obtain 
a stable colour almost at once, whereas with 50 vol. % acid it 
is only stable after about 40 minutes. In any case the reaction 
colours are stable for four hours. After a longer time there 
will be turbidity, with a precipitation of a blue pigment. 

After these experiments there is evidently a choice between 
a more sensitive reaction which cannot he read until after 
30 to 40 minutes, and a slightly less sensitive one which can 
be read immediately. We chose the latter, as in the practical 
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applications of the method hitherto there have been such 
quantities of dehydroandrosterone available that somewhat 
less sensitivity was of minor importance. 


5. Validifij of Lambert-Beer’s law. 

Experiments with dehydroandrosterone varying in quan- 
tity from 0 to 0.300 mg. have shown downright proportionality 
between the quantity worked with and the extinction coef- 
ficient at 600 m[.i (fig. 6), Larger quantities were not tested, 
as they involve technical difficulties and are of no practical 
interest. 


f.i- 



Linear dependence between quantity of dehydroandrosterone 

and extinction. 

Abscissa; mg. dehydroandrosterone. 

Ordinate: Extinction coefficients at 600 mp 


6. Accuracij of the method. 

As the investigation in its present form aimed solely at 
determining dehydroandrosterone in pure solutions, the quest- 
ion of accuracy for the time being may be reduced to the fol- 
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lowing: With what certainty can the colour reaction be re- 
produced, given the same quantity of dehydroandrosterone? 
We have not examined the point systematically, but only in 
so far as the above experiments have provided the occasion 
for it. If we disregard the errors (< 5 %) that are associated 
with pipetting the small volumes of fluid, reproducibility for 
the most part depends upon the exact observation of the heat- 
ing time. Small variations in this time have given rise to 
deviations of 5 to 10 % from the average. These are com- 
pensated for by including a dehydroandrosterone standard of 
0.200 mg. Thus the uncertainty found by experience may be 
put at a maximum of 5 %. 


7. Specificity of reaction. 

While referring the reader to the discussion below, we 
shall give a brief account of the reaction colours which, under 
the experimental conditions described above, are obtained with 
certain steroids more or less closely related to dehydroandro- 
sterone, chemically or in their occurrence. Tests were made 
with 0.2 mg. of the following: 

a. Androsterone (Androstane-3a-ol-17-one) ; 

h. Isoandrosterone (Androstane-3^-ol-17-one) ; 

c. ^^-Androstene-3,17-dione; 

d. ^^-Androstene-3/9,17-diol; 

The absorption spectra for these substances are shown 
in fig. 7. 

It will be seen that of the substances tested, the only one 
giving a reaction resembling that of dehydroandrosterone is 
androstenedione. It must be observed, however, that the colour 
is very easy to distinguish from that of dehydroandrosterone, 
being very unstable when heated for a few minutes, whereas 

the reaction colour with dehydroandrosterone wll tolerate 
that treatment. 
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A])Soi’ption spectra for 0.2 mg’ of the following substances in the 

sulphuric acid test: 

Abscissa; Wave length in m|,i. 

Ordinate: Extinction coefficients. 

: Androstenediol; 

: Androstenedione; 

; Isoandrosterone; 

— ; Androsterone. 


CONCLUSION 

The analytical method worked out in the foregoing may 
briefly he described as follows; Of the sample, prepare an 
absolute-alcoholic solution about 0.5 mg dehydroandrosterone 
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per ml. From this solution pipette 0.4 ml. mto a test tub 
(20 X 180 mm.). Place the test tube m iced water, add 2.0 
ml. sulphuric acid and then heat while sUrring m a boiling 
waterbath for 90 seconds. Replace the tube in iced water. After 
diluting with 8.0 ml, 25 vol. % or 37.5 vol. % sulphuric acid, 
determine the extinction at 600' mjx (10 mm. cells). In the 
former case the result can he read immediately after dilution, 

in the latter after 40 minutes. 

At each determination include a dehydroandrosterone 

standard of 0.200 mg. 


DISCUSSION 

Dirscherl & ZillikerCs colour reaction for dehydroandro- 
sterone can be adapted without difficulty to quantitative ana- 
lysis. The experimental conditions which have had to be stand- 
ardized are the same as those encountered in many similar 
reactions, and the treatment of this point presents nothing that 
is particularly new. 

On the other hand, a significant problem involved by the 
application of the method in physiological and endocrinological 
chemistry is the specificity of the reaction. Dirschcrl & Zilli- 
ken state that the following substances react ncgalivcljf; An- 
drosterone, testosterone, androstenedionc, ocslrone, progeste- 
rone, corticosterone and isoandroslanc-17-oI-6-onc. The only 
substance they found with a positive reaction was isoandro- 
stane-6-ol-17-one. 

Of the substances which we have examined — apart from 
dehydroandrosterone — most interest attaches to isoandroste- 
rone. It reacts negatively to the sulphuric acid test, a fact 
that is of decisive importance to its use for endrocrinological 
and similar purposes. Like dehydroandrosterone, isoandro- 
sterone is a /5-steroid, and therefore the two substances can- 
not be separated by digitonin precipitation, which otherwise 
IS a method often used for the analysis of ketosteroid mix- 
tures from urine and other organic material (see e. g. Ban- 
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matin & Metzger (1940) and Frame (1944)). Nor has separa- 
tion been possible by chromatographic adsorption analysis 
{Dingemanse et al. (1946)). 

Gallagher (1944) has reported briefly on some experiments 
with a Pettenkofer reaction modified by Kerr & Hoehn (1944), 
a reaction said to be fairly specific to dehydroandrosterone. 
This reaction does not seem to be so simple either in procedure 
or as regards reagents as the sulphuric acid reaction. And, 
as far as we are aware, no quantitative adaption has yet been 
published. 


SUMMARY 

Dirscherl & Zilliken’s colour reaction for dehydroandro- 
sterone is adapted to a quantitative spectrophotometric method 
of determination. Certain factors having a bearing upon the 
course of the reaction are examined. It is shown that iso- 
androsterone occurring together with dehydroandrosterone in 
urine, not being separable from dehydroandrosterone by the 
methods hitherto described, gives no reaction. 
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From the Department of Women's Diseases, 

Karolinska Sjukhuset, Stockholm. (Professor A. Westmaii, M. D.) 

THE EFFECT OF X-RAY IRRADIATION ON THE 
PITUITARY BODY OF INFANTILE RATS 
TREATED WITH « -OESTRADIOL 
MONOBENZOATE 

BY 

A. B AID INS, L. CLAESSON AND A. WESTMAN 

Numerous investigations have been published dealing with 
the influence of X-ray and radium irradiations on the ovarian 
function. Both the effect of the direct irradiation of the ovaries 
and the influence of the X-ray irradiation of the pituitary body 
on its gonadotrophic hormone production were thoroughly in- 
vestigated, However, the results of the latter are not unanimous 
as it may be seen from the data collected by Denniston (1942) 
and from our recently published survey of the corresponding 
literature (Baidins, Clacsson & Westman, 1946). Some authors, 
among others Savasaki (1933) considered that premature 
oestrus could be elicited by weak irradiation of the pituitary 
body, while on the other hand others were unable to confirm 
his results. In one of our e.xperimenls it has been found that 
the irradiation of the pituitary body with X-ray doses from 
2 to 45 r. did not damage to an appreciable extent the ovaries 
of infantile rats neither in function nor in anatomical 
structure. We have found further that even much higher doses 
i. e. 500—1000 r. did not produce any noticeable disturbance 
of the ovarian function. 

On the other hand it is well known from clinical experi- 
ences that by using X-ray doses of the same magnitude of order 
the function of the pituitary gland can be influenced and its 
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gonadotrophic hormone production stimulated. The results 
of the experiments reported above are not in accordance ■with 
the clinical observations and are therefore rather surprising; 
but it must be taken into account that there are principal dif- 
ferences in the reaction of laboratory animals and human 
beings. Furthermore it must be emphasized that in nearly 
every case of therapeutic X-ray treatment pathologically alter- 
ed and not quite normally functioning pituitary bodies are ir- 
radiated. Therefore it may be assumed that pathologically 
changed pituitary glands are more sensitive to the action of 
X-rays than the normal ones. 

For the further elucidation of this both theoretically and 
practically important question experiments were carried out 
by us on juvenile rats treated with oestradiol*) before X-ray 
irradiation (Baidins, Claes^on & Westman 1948). In the ani- 
mals, treated in this way, the pituitary body undergoes typical 
histological changes, which are well known in their char- 
acteristic features from the studies of numerous earlier in- 
vestigators. It needs here only be recalled that the anterior 
lobe increases in size due to the increase in the number of 
the cells. Both the eosinophilic and the basophilic cells show 
signs of degranulation and their relative number decreases 
according to the increase of the chromophobe cells. Treatment 
with oestradiol causes a depression in the gonadotrophic 
hormone production of the pituitary body. 

In our experiments referred to above a series of juvenile 
female rats were treated -vNuth oestradiol while an other series 
of animals were treated with oestradiol combined with X-ray 
irradiation. The doses administered were 600 and 2000 r. 
respectively. There was a characteristic difference behveen 
these two series; the ovaries of animals treated only with 
oestradiol were small with an average weight of 32,9 mg. By 
the examination of these ovaries only a very small number 
of mature follicles and newly formed corpora lutea were 
identifiable, and only a \veak degree of luteinization was 
found. On the other hand the ovaries of the animals treated 


*) In the text >>oestradiol« means oestradiol monobenzoate. 
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with oestradiol combined with X-rays were large, tjieu' average 
weight being 59,3 mg. after the administration of 600 r. and 
52,5 mg. after the administration of 2000 r. The follicles were 
well developed and large, newly formed corpora liitea were 

Apart from a more expressed hyperemia of the pituitary 
body found in animals treated with X-rays combined with 
oestradiol, the microscopical appearances of the pituitary 


bodies in both groups were alike. 

Hence, these our studies revealed the interesting fact that 
X-ray irradiation of the pituitary body does not produce any 
identifiable changes either in the histological appearance or 
in the function of the ovaries, whereas considerable changes 
could be obsers^ed in the ovaries after the X-ray irradiation 
of pituitary glands altered by previous treatment with oestra- 
diol. 

It seemed to us of interest to examine the question whether 
these changes in the response of the pituitary body to irradia- 
tion occur also in infantile animals, or are they restricted to 
the age of puberty and maturity. 


EXPERIMENTAL 

The present study was made on 25 female rats aged 8 
days; of these 11 served as controls. Every control was of the 
same litter as the corresponding experinienlal animal. The 
vaginal smear of the animals was daily examined and their 
weight controlled on every third day. 200 I. B. U. oestradiol 
monobenzoatc was administered subcutaneously to 14 ex- 
perimental animals every day over a period of 8 days; the 
total amount administered was 1600 I. B. U. After this previous 
treatment the animals were irridiated wnth a single dose of 
40 r. Tlie 11 control animals were divided into 2 groups; in 
the first group 7 of the 11 animals were treated wnth oestra- 
diol in the very same way as the irradiated ones, in order to 
study the reaction of the pituitary body to estradiol treatment. 

n the second group the remaining 4 animals did not get any 
treatment at all. ^ ^ 
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Before irradiation the animals were fixed in dorsal posi- 
tion and with the exception of a small area of the head, pro- 
tected with lead plates. We are indebted to Dr. A. R. Forsberg, 
member of the Staff of the Radiopathological Department of 
the Radiumhemmet of Stockholm for the measurements .of the 
dosage. Irradiation was performed with the use of a stabilovolt 
apparatus and metallix tubes: the conditions were 160 kv. 7. 
ma., 0.5 mm. Cu and 6.23 r/m. 

After the irradiation the animals were observed over a 
period of 50 days and then sacrificed. The pituitary bodies 
were immediately weighed, fixed in Susa (Heidenhain) and 
embedded in paraffin. Serial sections were made, each sections 
measuring 4 (.i in thickness, and the sections stained with Azan 
according to Heidenhain’s description. The ovaries were weigh- 
ed, and the sections stained with hematoxylin — eosin. The 
vagina and uterus w'ere histologically also examined. 

During this observation time the animals did not manifest 
any signs of disturbances attributable to the injurious effect 
of either oestradiol or X-rays. Their w’eight-curves were 
normal. 

The effect of oestradiol treatment manifested in an im- 
mediate oestrus reaction in the vagina. Later this oestrus 
ceased, but reappeared when the animals reached the age of 
puberty. This oestrus reaction took place in both oestradiol 
treated and oestradiol treated + irradiated animals in the 5th 
wmek of their life, while in the untreated controls spontaneous 
oestrus did not occur before the 6th week. The cyclic proces- 
ses w’ere normal, excepting three cases of irradiated animals 
showing no typical cornified cells. 

Pituitary body. The pituitary bodies of the animals treated 
wdth X-rays combined with oestradiol showmd the character- 
istic changes \vhich, as mentioned above, folloAv oestradiol 
treatment. As it is shown in Table 1, there \vas a slight in- 
crease in weight due to the increase in size of the anterior 
lobe. The number of the chromophil cells decreased while 
that of the chromophobes increased. Both the eosinophiles and 
basophiles showmd degranulation. 
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Table 1. 

Average Weight of the Pituitary Body and the Ovaries of Infantile 
Rats treated with Oestradiol and X-rays. 

(The animals were examined 58 days after the first injection and 
51 days after irradiation). 


Material 

Number 

1 of Animals j 

Average Weight 
of Pituitary 
body in mg. 

Average 
Weight of 
Ovary in mg. 

Irradiated animals pre- 
viously treated with oe- 
stradiol 

14 

7.0 

35.0 

Controls treated with 
oestradiol 

7 

6.6 

26.1 

Untreated controls 

4 

5.2 

27.5 


X-ray dose: 40 r. Oestradiol: 1600 I. B. U. 


Apart from a slightly higher degree of hyperaemia of 
pituitary glands found in animals treated with X-rays comb- 
ined with oestradiol, the microscopical appearances did not 
show any other difference in these two groups. 



Ovary of an Infantile Bat troated with a total Dose of 1600 I.B.U. 
Oestiadiol over 8 days. X 28 
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Ovaries. The ovaries of the animals treated with oestradiol 
weighed about the same as those of the untreated controls. 
Tlie number of the Graafian follicles was reduced and large, 
intensively vascularized corpora lutea were in an increased 
number present (Fig. 1). The ovaries of the irradiated animals 
treated with oestradiol differed considerably from those of 
the non-irradiated ones. The ovarian weights in this group 



Effect of X-ray Irradiation of the Pituitary Body on the Ovary of 
Infantile Rat after Previous Oestradiol Treatment. X 28. 

were significantly higher as shown in Table 1. No Graafian 
follicles were present and some of the growing follicles showed 
atretia. On the other hand a w’ell developed interstitial gland 
was found. In this group the corpora lutea were entirely absent 
in 5 of the 14 animals and the ovarian parenchym was to a 
large extent constituted by interstitial gland (Fig. 2). In the 
ovaries of the remaining 9 animals of this group both the 
interstitial gland and the corpora lutea were to be found. 

DISCUSSION 

The present investigation and the results reported in our 
earlier communication {Baidins, Claesson & Westman, 1948) 
have shown that in infantile rats the X-ray irradiation of the 
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normal pituitary body with a single dose of 40 r. did not affect 
to an appreciable extent its production of gonadotrophic 
hormone. Hence, our studies have not brought fonvard 
evidence in supporting the assumption that X-ray irradiation 
of a normal rat pituitary could stimulate its production of 
gonadotrophic hormone and could thereby produce premature 
oestrus. X-ray irradiation combined with oestradiol treatment, 
however, yields different results. The ovaries increase in size 
and weight as compared to those of the corresponding controls. 
This increase in size and weight depends chiefly upon the 
intensive development of the interstitial gland. At the same 
lime a marked degeneration of the follicles could be observed. 
The infantile animals show quite another reaction than the 
juvenile ones. The reason for this phenomenon may be cleared 
up by further investigations on the function of the interstitial 
gland under the given experimental conditions. 

Some experiments of this type arc in progress at this 
Institute. 

SUMMARY 

1. X-ray irradiation of the pituitary bodies of normal infan- 
tile rats in doses between 2 — 1000 r. docs not influence 
their gonadotrophic hormone production. 

2. Oestradiol treatment of normal infantile rats did not pro- 
duce any changes in the gonadotrophic function of the 
pituitary gland examined two months after the treatment. 
The ovaries of these animals have normal weight and 
normal histological appearance, 

3. X-iay irradiation of the pituitary bodies of normal infantile 
rats sensitized by previous oestradiol treatment affects the 
function of the pituitary gland; two months after the 
combined treatment the follicles show degenerative chang- 
es, and the ovaries are significantly increased in weight 

and size due to the intensive development of the inter- 
stitial gland, 

4. The histological appearance of the pituitary bodies in the 
treated and non treated animals wms alike, 
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Lovens kemiske Fabrik, Copenhagen. 

A SPECTROPHOTOMETRICAL INVESTIGATION 
OF THE EXCRETION OF DEHYDROANDRO- 
STERONE IN THE URINE OF A WOMAN 
WITH A VIRILIZING ADENOMA OF 
THE ADRENAL CORTEX 

BY 

AA. THEIL NIELSEN, K. PEDERSEN-B3ERGAARD &■ 

M. T0NNESEN 

It is a familiar occurrence when \irilizing tumours of the 
adrenal cortex are accompanied by an abnormally high ex- 
cretion of 17-ketosteroids in the urine. The literature on the 
subject, a considerable part of which is cited by Pnrkcs (1945), 
is already Toluminous. An increased excretion of this kind has 
long been regarded as a diagnostically valuable indication of 
the presence of a tumour in the adrenal cortex. Callow & 
Crooke (1944) are among those authors who have drawn at- 
tention to the fact that in certain cases this belief may lead 
to erroneous conclusions. Increased excretion of 17-keto- 
steroids is not confined solely to tumour cases, for it also oc- 
curs in simple hyperplasia of the adrenal cortex. Thus it has 
been impossible definitely to differentiate between the two 
affections on the basis of the absolute values of the 17- 
ketosteroid excretion alone. On the other hand, it is held that 
fractionating the 17-ketosteroids into a- and /9-kelostcroids, 
of which the latter can be precipitated with digilonin, but not 
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the former, is capable of giving valuable information. In a case 
of hyperplasia of the adrenal cortex they find that even if the 
total excretion is increased (79—100 mg. in 24 hours), the 
ratio between the and a-forms are almost the same as that 
found by Talbot et al. (1940) in normal men, women and 
children, viz. about 1 to 10. Among tumour patients, however. 
Callow & Crooke find a marked increase in this ratio. They 
give no figures of their own, but refer to Talbot et al’s work 
cited above, which finds that in cases of adrenal cortical tu- 
mours the /^-compounds may represent 50 to 60 % of the total 
17-ketosteroids. Callow & Crooke state the conclusion of their 
investigations as follows: »It is suggested that the isolation 
of dehydro (iso) androsterone from urine or the finding of a 
high ratio of to a-ketosteroids in urine is of fundamental 
importance in the diagnosis of adrenal cortical tumours*. 
Friedgood (1944) discusses a similar theory. He too is unable 
to find a definite difference between the total 17-ketosteroid 
excretion by women with adrenal cortical tumours and those 
wnth hyperplasia; but, like Callow & Crooke, he finds that in 
tumour cases the ^-ketosteroid amounts to 30 to 70 % of the 
total 17-ketosteroids, whereas in hyperplasia the highest is 
25 % . However, Friedgood is very reserved as regards the con- 
clusions to be drawn from a material so small as that hitherto 
examined. 

Although much is still unclarified, there is no doubt that 
the more qualitative investigation of the excretion of 17-keto- 
steroids referred to below represents progress. It must be 
realized, however, that fractionating on the basis of digitonin 
precipitation is somewhat rough. Each of the fractions, a- and 
y3-, consists of many substances, and therefore it would be of 
advantage to have specific methods for the quantitative de- 
termination of the various ketosteroids. In cases like the pre- 
sent, what interests us is especially the substances of the 
fraction, of w'hich dehydroandrosterone and isoandrosterone 
occur most frequently and in the greatest quantity. To our 
knowledge no method has previously been described for the 
purpose, and therefore in the following we propose to give an 
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account of some experiments made on the efficacy of the 
Theil Nielsen (1948) method published from this laboratory 
for the quantitative determination of dehydroandrosterone, a 
method that is based upon a colour reaction published by 
Dirscherl & Zilliken (1943). 

The experiments were made with urine from a woman 
with a bilateral adrenal cortical adenoma (as for the case re- 
cord, see: Leih Pedersen, 1948). The urine has previously been 
analyzed in this laboratory {Theil Nielsen, PedersemEjergaard 
& Tonnesen, 1947). The paper having been published in 
Danish it wll be summarized very briefly here: The patient, 
a woman 45 years old, for about twenty years has suffered 
from increasing virilization (hirsutism, growth of beard, bald- 
ness, failing sexual function, etc.). The biological androgenous 
excretion was then found to be very high, about 300 capon 
units in 24 hours. The excretion of 17-ketosteroids was cor- 
respondingly increased, about 600 mg in 24 hours. It was sup- 
posed from a comparison of the biological and photometric 
analyses that the patient excreted chiefly dehydroandrosterone, 
a result that was confirmed by the isolation of considerable 
amounts of crystalline dehydroandrosterone from the urine. 

The above analyses were carried out on urine before the 
laparotomy. The experiments described below, however, w'ere 
made on a sample of urine collected after the operation. In 
that operation the tumour was removed, which perhaps is the 
reason why the excretion of 17-ketosteroids decreased, as will 
be seen by a comparison with the following experiments. 

EXPERIMENTAL 

A. Collection and extraction of mine. Ten days’ full diu- 
resis, amounting to 4,5 1. was received from the hospital. The 
iirme was extracted as described by Dingemanse & Lagueur 
(1938). The extract was dissolved in 100 ml. absolute alcohol, 
and this solution is described in the following as the »crude 
extract«. 

B. Photometric analysis: The total content of 17-ketoste- 
rmds was determined by means of Callow, Callow & Emmens’ 
(1938) modification of the m-dinitrobenzene reaction. The 
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total crude extract was found to contain 1000 mg. 17-ketoste- 
roid, corresponding to a daily excretion of 100 mg. 

The possibility of the direct application of the afore- 
mentioned modification of Dirscherl & Zilliken’s colour reac- 
tion to dehydroandrosterone was then tested: In a test tube 
0.02 ml crude extract was diluted to 0.4 ml. with absolute 
alcohol, and this solution w'as treated as described by Theil 
Nielsen. The resulting reaction mixture was examined spectro- 
photometrically in the range 400 — 700 m^. The apparatus used 
for all readings was a Beckman quarts-spectrophotometer, 
Model DU. Absorption readings were taken with intervals of 
5 — 10 mp, with the use of 10 mm. cells. The absorption spec- 
trum together with a corresponding curve for 0.2 mg dehydro- 
androsterone is shown in fig. 1. 



Fig. i. 

Absorption spectra for crude urine extract (containing 0.2 mg. total 
17-ketosteroid) and for 0.2 mg. dehydroandrosterone after performing 
Dirscherl S Zilliken’s reaction. 

Abscissa: Wave length in mp. Ordinate: Extinction coefficient. 
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Calculating on the basis of this reading we find that the 
crude extract contains 1120 mg. dehydroandrosterone. Tins 
is obviously too high, as the extract contained only 1000 mg. 
17-ketosteroid. For the purpose of obtaining an approximate 
of how much the result was too high we made the following 

tests: 

1. Fractionating with digitonin. 

We treated 5 ml. of crude extract with digitonin by a micro- 
method described by Frame (1944). The resulting a- and^ /?- 
fractions were subjected to the usual 17-ketosteroid reaction 
with m-dinitrobenzene. By this means the crude extract was 
found to contain a total of 320 mg. a-ketosteroid and 680 mg. 
j3-ketosteroid. As all the dehydroandrosterone is contained in 
the /?-fraction, the highest possible quantity in the extract 
must therefore be 680 mg. 

2. Antimony trichloride reaction according to Pincus (Wi3). 

We set up a reaction with the following substances: 0.01 ml. 
crude extract (corresponding to 0.1 mg 17-kctosicroid), 0.1 mg. 
androsterone and 0.1 mg. dehydroandrosterone. The reaction 
colours w'ere examined photometrically as described above. 
The absorption curves are shoivn in fig. 2. 

As Pincus states that this reaction is specific to andro- 
sterone and its isomers (isoandrosterone and aetiocholanol- 
one), it is possible from these readings to calculate that the 
extract at most can contain 420 mg. dehydroandrosterone. 
However, a closer consideration of the absorption spectrum 
for the crude extract shows that the latter is not fully identical 
with that of any of the pure substances assayed. Tlic signi- 
ficance of this will be gone into later. 

For the present we must say that Dirschcrl & Zilliken's 
reaction, at any rate directly, cannot be applied in the form as 
used here. The results arrived at are demonstrably too high. 
As is usually the case in such reactions, it would be natural 
to refer the excessive result to the formation of unspecific 
colour components resulting from impurities in the extract. 
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Fig. 2. 

Absorption spectra for Pincus’ SbClj reaction performed on urine 
extract corresponding to 0.1 mg. 17-ketosteroid, and for the same 
amount of pure androsterone and dehydroandrosterone. 
Abscissa: Wave length in m[i. Ordinate: Extinction coefficient. 


We have tried various methods to avoid this. In the first 
place, it was reasonable to perform the reaction not on the 
crude extract but on the y5-fraction obtained by the digitonin 
precipitation. Fig. 3 shows the result of a test of this kind, 
and for purposes of comparison we give absorption spectra 
for the (X-fraction and the pure dehydroandrosterone. 

The first to be observed from this experiment is that the 
/^-fraction alone gives an absorption spectrum with a maximum 
at the same point as pure dehydroandrosterone. On the other 
hand, the curve for the a-fraction is very similar to the one 
obtained wnth the two isomer androsterones (Theil Nielsen, 
1948). Secondly, the experiment shows a much lower content 
of dehydroandrosterone in our crude extract, about 650 mg.. 
This agrees very well with what was found by the 17-keto- 
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Absorption spectra {Dirscheii ct 7JllU:cn's reaction) for the following 
substances: 1) Dehydroandi’osterone 0.2 mg.; 2) fi fraction correspond- 
ing to 0.02 mg. crude cxtj’act; 3) a fraction corresponding to 0.02 mg. 

crude extract. 

Abscissa: Wave length in mp. Ordinate: Extinction coefficient. 


steroid determination on the ^-fraction (680 mg.), but not 
so well with the Pincus reaction (420 mg.). 

Of other purification possibilities we turned our attention 
particularly to chromatographic adsorption, a method often 
employed vwth good results in assaying 17-kctosteroids and 
similar substances. Recently Dingemanse cl al. (1946) have 
tried applying the method in a modification intended to permit 
of the determining of the various 17-kelostcroids or groups of 
them. Having regard to certain remarks to he made in the 
discussion, we shall first make mention of an experiment car- 
ried out exactly in accordance with the directions of Dinge- 
manse et al: We evaporated 10 ml. crude extract to dryness. 
The residue was dissolved in 50 ml. benzene (stored over 
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sodium \^^re). The solution was poured on to a column of 
AI2O3 (Brockmann) having dimensions 15 X 100 mm.. Then 
50 ml. portions of the following solvents were poured on in 
the order shown: 

7 X 50 ml. benzene 

24 X 50 ml. benzene with 0.1 per cent ethanol added 

12 X 50 ml. benzene with 0.5 per cent ethanol added 
2 X 50 ml. ethanol 

Each fraction to be collected separately. 

The 17-kctosteroid was determined on all the fractions by 
the m-dinitrobenzene reaction and the dehydroandrosterone 
by the sulphuric acid reaction in our modification. 

In the ketosteroid assay the fractions Nos. 13 — 33 and Nos. 
35 — 45 gave weak, brownish-yellow reaction colours and there- 
fore are omitted from our calculations. In the sulphuric acid 
reaction for dehydroandrosterone the fractions Nos. 4 — 11 gave 
colours very similar to that obtained with pure dehydroandro- 
steronc. Tlie other fractions either gave no colour at all or a 
very pale yellow like the colour observed with the isomer 
androsterones ; nevertheless, we would not venture to place 
them to that group. Fig. 4 shows absorption spectra for a 
selection of eluate fractions. 

It is opportune here to draw attention to the fact that 
before setting up the sulphuric acid reaction on benzene eluates 
it is vital that all benzene is distilled off; otherwise we have 
found that the reaction either fails completely or is too weak. 

We have visualized the results in a graph similar to that 
employed by Dingemanse et al.. In a coordinate system the 
eluate fractions are plotted in succession (Nos. 1 — 45) along 
the abscissa, and their content of total 17-ketosteroids and of 
dehydroandrosterone as the ordinate (fig. 5). 

From this we can now' calculate the content in the total 
crude extract (100 ml.) at: 


17-ketosteroids (total) 981 mg 

Dehydroandrosterone 700 mg 
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Absorption spectra plotted from deli 3 'droandrosterone determinations 
by the sulphuric acid reaction on the eluatc fractions Nos. 3 7. 

0.5 ml. of each fraction is used. 

Abscissa; Wave length in m[,i. Ordinate: Extinction coefficient. 


The total 17-ketosteroid assay does not differ more from 
the original direct assay on the crude extract than is permitted 
by experimental error. 

We have made experiments in which tlie cliromatography 
itself was varied in different ways: 

1. Elution with benzene-ethanol (1 %) and dividing the 
fractions according to colour (yellowish-reddisli-colourless) . 
Nearly all the dehydroandrosteronc was found in the reddish 
fraction. In 100 ml. crude extract we found a total of 660 mg. 
dehydroandrosteronc. 

2, Elution with ether: The column is washed out more 
rapidly than when using benzene-ethanol mixtures, but the 
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Consecutive So mt eluate fractions (Ccate inmt) 

Fig. 5. 

17-ketosteroicl and dehydroandrosterone patterns obtained by chro- 
matographic-spectrophotometric analysis of 10 ml. crude urine 

extract. 

Abscissa; eluate fractions in ml. Ordinate: mg substance (17- 
ketosteroid-dehydroandrosterone in mg. in 50 ml. eluate fraction). 

i-eaction colours obtained are not so close to that of pure 
dehydroandrosterone as those found in experiment 1. Never- 
theless, the results are approximately the same; 715 mg. de- 
hydroandrosterone in 100 ml. crude extract. 

3, Elution with carbon tetrachloride-ethanol mixtures (see 
Callow (1939)) gives an equally good result. 

DISCUSSION 

Dirscherl & Zilliken^s sulphuric acid reaction for dehydro- 
androsterone as modified by one of us (Aa. T. N.) was not 
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found to be directly applicable to the crude urine extract. After 
suitable purification by means of chromatography, however, 
we obtained reaction colours very similar to those obtained 
with pure dehydroandrosterone. The dehydroandrosterone 
content in the total crude extract calculated from this (700 
mg.) agrees fairly well with the content of /5-17-ketosteroids 
determined according to Frame (680 mg.), whereas there is 
less good agreement with the result arrived at by the Pincus 
method (420 mg.). In this connection it should be remarked 
in the first place that the Pincus reaction originally was de- 
vised only for determining isomer androsterones and not de- 
h 5 ’’droandrosterone. Therefore the latter must be determined 
indirectly, which may involve error in the assay. In the second 
place, as already stated the reaction colour obtained with the 
extract is not quite identical with that of the pure substances. 

It might perhaps have been thought that the result by our 
method indicated the total )?-17-ketosteroid content, i. e. that 
the isoandrosterone was also determined, whereas this was 
not so with the result obtained by applying the Pincus reaction. 
However, Theil Nielsen has shown that with the sulphuric 
acid reaction isoandrosterone does not give the colour charac- 
teristics of dehydroandrosterone. 

On the basis of a graph like that shown in fig. 5 Dinge- 
manse et al. claim to be able to calculate the content of indi- 
vidual 17-ketosteroids, though they consider there is an ex- 
ception in the case of dehydroandrosterone and isoandroste- 
rone, which cannot be separated by chromatography. Never- 
theless, even with this reservation we are unable wholly to 
share their opinion. Apart from the dehydroandrosterone frac- 
tion, which is apparently fairly pure, we consider that the 
other fractions are too little well-marked and well-separated 
for conclusions to be draivn as to the identity of the fractions 
from a comparison of their curves. 

It should be added that we have not found the fraction 
which Dingemanse et at designate as Compound II. In this 
connection it must be emphasized, however, that our case is 
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a non-malignant tumour (adenoma), whereas the major part 
of cases described in the literature (including that of Dinge- 
manse et al.) are true malignant tumours. 


SUMiMARY. 

Urine from a woman with a virilizing benign adrenal cor- 
tical tumour (adenoma) is assayed spectrophotometrically. 

The 24-hour 17-ketosteroid excretion, measured by the m- 
dinitrobenzene reaction, is 100 mg., about 70 % of which is 
/?-17-ketosteroid. 

By means of a modification of Dirscherl & Zilliken’s colour 
reaction for dehydroandrosterone in conjunction with chroma- 
tographic adsorption it is demonstrated that the /5-fraction con- 
sists of dehydroandrosterone. 
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From the Neurological Department, 

Frederiksberg Hospital, Copenhagen. 

(Chief Phj^sician: T. Dalsgaarcl-Nielscn.) 

A CASE OF ADRENAL VIRILISM PERSISTING 
UNCHANGED AFTER EXCISION OF BILATERAL 
ADRENOCORTICAL ADENOMA 

BY 

,4. LETH PEDERSEN 

Adrenal virilism can be defined as the group within the 
adrenogenital syndrome where the effect of the adrenocortical 
hyperfunction is mainly one of virilisalion affecting women 
after puberty. 

Numerous single cases of the adrenogenital syndrome have 
been reported in the course of time, and also many excellent 
synopses dealing with this syndrome have been published, in 
particular within recent years. A detailed account of it will, 
therefore, be omitted here, but reference may be made to 
text-books of endocrinology (sec a, o. Goldziehcr, 1939, Hoff- 
man, 1945 and Nielsen, 1938 — 42) or some of the synopses 
mentioned above {Brosicr, Allen, Vines, Patterson, Greenwood, 
Marrian & Butler, 1938, Cahill, 1944, Cameron 1947, Dahl-Iver- 
sen& Hojensgaard, and Kemjon, 1944). 

However, the present case of adrenal virilism seems worth 
publishing because of certain facts of particular interest ob- 
served in this patient. 

1. An enormously high androgen and 17-kclosleroid ex- 
cretion. 

2. The favourable response of the facial hypertrichosis to 
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treatment with large intramuscular injections of oestra- 
diol monobenzoate. 

3. The unchanged persistence of the syndrome after ex- 
cision of adenomas in both adrenals. 

CASE HISTORY 

Neurological Dept., Frederiksberg Hospital. Case 130/46. 

Divorced female worker in a box factory; born 1901. 

Past history: No known cases of endocrine disturbances in 
the family. A sister has had psychogenic psychosis twice, but 
otherwise no cases of nervous or mental diseases in the family. 

The patient had rheumatic fever ah. the age of 10 years 
with attending cardiac complication, but has had no cardiac 
symptoms since, and has always been of good health except 
for her present complaint. 

The patient has from a child been rather hairy on her arms. 
The growth of hair was otherwise normal until the age of 20, 
when hairs began to grow on her upper lip and chin, and 
subsequently also on her cheeks. Some years later an abnormal 
growth of hair began to appear also on the breast, the remain- 
ing part of the body, and the extremities. The hypertrichosis 
increased steadily for 7 to 8 years and has since remained 
unchanged. About the age of 23 the patient began to grow bald. 
Ostensibly the loss of hair started after an accident when 
her hair had caught fire and some of it had been burnt away. 
The burning was inconsiderable, but after that she developed 
baldness of a typically male character, so that since the age 
of 29 she has had only a fringe of hair at the back of her 
head. If she did not remove the growth of hair on her face 
she would grow a beard like a man. She has applied epilation 
almost daily. 

Almost simultaneously with the development of hyper- 
trichosis the clitoris began to increase in size. It grew consider- 
ably in the course of a few years. The enlarged clitoris caused 
her no trouble during coitus, but affected her mentally. On 
the advice of her doctor she was, therefore, in April 1936, 




Photo L 

Before trcalmonl. 
{']'hc pt. wears a wig 



After Ovcx treatincnt. 
different in the two pictures). 



Photo 3 and h. 
Before treat- 
ment, but the 
same after 
treatment. 




156 


admitted to a surgical department, where the clitoris, 3 to 4 
cm. long and ah. 1 cm. in transverse diameter, was extirpated. 
Her voice became deeper and coarser about the age of 20, but 
otherwise she has remarked no bodily changes. 

Menses did not begin till about the age of 18. They have 
always been irregular, of 1 to 2 weeks’ duration with intervals 
of from one to several months. She has never been pregnant. 
After 1935 increasing metrorrhagia, on account of which 
amputation of the supravaginal part of the uterus in October 
1936. The body of the uterus was orange-sized and fibromatous. 
Ovaries and internal genitals were perfectly normal. A few 
years after the amputation of the uterus she began to suffer 
from hot flushes, which occurred continually through 5 or 6 
years. 

The patient’s libido was always weak. She had not had 
sexual intercourse, nor been interested in erotic or sexual rela- 
tions till about the age of 22, when she made her husband’s 
acquaintance. Was married from 1924 to 1928, but then di- 
vorced her husband, because he played her false. While mar- 
ried she had sexual intercourse with her husband, compara- 
tively rarely, indeed, but she believed to have obtained a 
normal pleasure from it. After the divorce the patient led a 
continent life until 1937, when she met a man, with whom 
she lived for 2 years. Within this period she had sexual inter- 
course at intervals from weeks to months. She felt some 
pleasure at it, at least no resentment against it. Since then 
she has had sexual intercourse only a few times without ac- 
tually obtaining any pleasure from it. She no longer feels a 
sexual desire. Except for this gradual loss of libido, which 
was always weak, she has undergone no changes in a sexual 
respect, more particularly she has never felt homosexual or 
other morbid inclinations. 

Mentally the patient was originally quiet, even-tempered, 
and cheerful, but after the divorce in 1928 she became of a 
more melancholy disposition, and would often be in low spirits. 
Since about 1930 she has been suffering from an almost 
constant frontal headache, and since 1940 she has developed 
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an ever increasing feeling of tiredness, and has, moreo^er, 
been suffering from giddiness, of the kind one may feel on a 
deck. No change has occurred in her personality or her psyc le, 
apart from that elicited by the depression. 

Because of these symptoms the patient was m January 
1945 admitted to the Neurological DepU Frederiksberg Hospi- 
tal, to which she was admitted 4 times in all until February 

1946. 


Physical examination (on admission): 

Mentally: very emotional and sensitive with a vein of de- 
pression. 

Her voice is rather deep, somewhat rough and hoarse. Her 
features are somewhat coarse and clumsy. There is pronounced 
acne. On the whole her complexion bears the stamp of the 
daily epilation (see photo 1). There is marked blepharocon- 
junctivitis. The skeletal structure and the distribution of fatty 
tissue are of the male type, and the mammae are highlj' atro- 
phic (see photos 3 and 4). Height 169 cm., weight 60 kg. 

Growth of hair: On the head there is found only a 3 to 4 
cm. broad fringe of hair from the back of the head to both 
ears. The rest of the head is completely bald, without cica- 
tricial changes in the skin (the patient wears a wig). The 
eyebrows are rather thick, growing together over the nose. 
Eyelashes normal. The growdh of hair on the body is very 
thick and »shaggy«, particularly so on breast and back, where 
the individual hairs reach a length of 5 and 3 cm. respectively 
(see photo 5). Axillary hairs normal. Pubes rather thick, but 
no particular hairiness along the linea alba, whereas the pubes 
are continuous with the growth of hair on abdomen and 
femora. The growth of hair round anus and genitals are of 
the male type. The growth of hair on the lower arms is very 
thick, and the hairs are up to 2 cm. long. 7'hc upper arms 
are less haiiy. The femora likewise present a thick and up 

to 2 cm. long growth of hair, whereas that on the lower legs 
is less pronounced. 

4 he medical and neurological examinations revealed noth- 
ing abnormal. 


11 * 
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Photo 5 . 

Before treatment (but unchanged after treatment). 


The eyes were likewise found to be normal, except for the 
hlepharoconjunctivitis. 

Ear and throat examination; The thyroid cartilage is 
strongly developed, of the male type, the angle between the 
laminae of the cartilage being 90° (the normal for women is 
120°) ; otherwise nothing abnormal. 

Gynaecological examination: Cicatrice after extirpation of 
clitoris, vagina normal, adnexa not palpable, movable uterus 
rest. 

X-ray of skull: Pronounced digital impressions; no hyper- 
ostoses; sella normal. X-ray of kidneys and adrenals revealed 
normal conditions, normal pyelograms. X-ray of column: Light 
spondylosis deformans in the thoracolumbar part; otherwise 
nothing abnormal. 

Electrocardiogram; Nothing definitely abnormal. 

Glucose tolerance test (3 times); Fasting blood sugar nor- 
mal, but the blood sugar level has not become quite normal 
after 3 hours; twice there was seen a rather considerable rise 
(maximally 202 and 182 mg. % respectively). 
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Basal metabolic rate; 134 to 122 %• 

Blood pressure slightly increased, fluctuating between 
175/110 and 150/80. 

Serum protein determination (twice) showed normal values 
for total protein and albumin, while the globulin fraction was 

on the lower side of the normal. 

Fractional cholesterol determination in serum (determined 
3 times) revealed no defiriitely morbid conditions. Twice, how- 
ever, there were found decidedly low values for total chole- 
sterol. 

Calcium, phosphorus, potassium, and sodium concentra- 
tions in serum normal. Serum phosphatase normal. 

White and red blood corpuscles, index, differential count- 
ing, osmotic resistance, and capillary resistance normal. 

At times the urine contained traces of albumin. Micro- 
scopy; Normal conditions. Blood urea and urea clearance 
normal. 

Cerebrospinal fluid normal. 

Hormone analysis on 24-hour urine; Excretion of gonado- 
trophine low (less than 5 R.U.), Oestrogen excretion normal 
(33 M. U.). Androgen excretion 602 C. U., and 17-kcloslcroid 
excretion 286 mg. within 24 hours, in other words enormously 
increased (see later). 

Summary of case history: 

Tlie patient is a woman, aged 44, who had been of normal 
health until the development of her present complaint about 
the age of 20, with almost universal hypertrichosis, masculine 
baldness, clitoris hypertrophy (extirpated 1936), irregular, 
but rather profuse menses (until amputation of the uterus 
1936), a deeper voice, somewhat masculinized bodily type, 
and possibly decreasing libido. Except for this virilisation the 
patient presented no signs or symptoms of any kind. Tlic 
signs of virilisation had become fully developed after 7 or 8 
years and had persisted unchanged for 16 or 17 years, when 
I first saw the patient in 1945. Examination of the patient 
revealed, in addition to the virilisation, an enormously in- 
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creased androgen and 17-ketosteroid excretion, as well as a 
slightly increased basal metabolic rate, inconsiderable hyper- 
tension, and a somewhat lowered carbohydrate tolerance, but 
otherwise no unquestionably pathological features, neither on 
clinical nor on laboratory examinations. 

On the basis of the above findings we judged the patient’s 
affection to have been caused by a hyperfunction of the adrenal 
cortex. This hyperfunction seemed to be due rather to hyper- 
plasia than to a tumour, chiefly on account of the protracted 
course and of the fact that no tumour could be demonstrated. 


Treatment and Coarse: 

Having previously tried to treat hypertrichosis in women 
-with oestrogens, though, indeed with a somew'hat uncertain 
result, I started with submitting this patient to such treatment, 
because I regarded her as particularly fit for it on account of 
her large androgen production. I treated her exclusively by 
oestrogen (Ovex) injections of 60,000 I. B. U. each (i. e. 5 mg. 
oestradiol monobenzoate dissolved in oil).*) 

A total of 82 injections were given from April 9 to Oct. 16, 
1945, at first 3 times weekly, and in the end once daily. The 
acne in the face had disappeared and the blepharitis been 
cured after 4 or 5 weeks (i. e. after 12 to 15 injections); but 
no effect was observed yet on the growth of hair. After well 
over 2 months, when ah. 30 injections had been given, the 
hypertrichosis began to respond to treatment, particularly so 
on face and neck, where the hairs grew lighter, scarcer, and 
easy to epilate. Also the hairs of the body seemed to sit more 
loosely. By the end of the course of treatment the effect on 
the hypertrichosis was evident on face and neck (see photo 2). 
Hairs did grow out here, indeed, but they w'cre far smaller 
in number, much lighter, and much easier to epilate. While 
she had previously spent from 1 to 1 ^ hours daily with epila- 
tion she could now do \vith less than 5 minutes. The growth of 

*) The Ovex applied was most kindly placed at my disposal by 
Lovens kemislce Fabrik, to which I bring my sincerest thanks. 
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hair on body and extremities had not decreased to any visible 
extent, but the individual hairs seemed to be looser. 

The hypertrichosis on the face increased again after a 
pause of a few months in the Ovex treatment; but it never 
reached the former thickness. We now attempted X-ray on 
adrenals and pituitary body, prompted to this treatment among 
others by certain statements in the literature. A total of 1000 
r distributed over 10 treatments were given first to each 
adrenal. Ab. 3 months later X-rays were applied to the pitui- 
tary body, 3 fields with a total of 300 r to each. No effect was 
observed, however, neither on the hypertrichosis nor on the 
other signs of the patient’s virilisation. 

Tile Ovex treatment was, therefore, resumed. Daily Ovex 
injections, a total of 24, were given from Jan. 28 to Fcbr. 21, 
1946, after which the hypertrichosis on face and neck de- 
creased, just like after the former Ovex treatment. After one 
month’s pause in the treatment the hypertrichosis increased 
somewhat again. Hence Ovex was given from April 4 to July 1, 
1946, about twice weekly, a total of 25 injections, and with the 
same favourable result as before. 

After discontinuation of the treatment the growth of hair 
became a little thicker again. Since the patient suffered mental- 
ly under her affection, which must be supjiosed to be localized 
in the adrenals, either as hyperplasia or as a tumour, opera- 
tion was decided on. In September 1946 the patient was, there- 
fore, admitted to the Surgical Dept. C of the Stoic Hospital 
(Prof. Dahl-Iversen) . On Sept. 13, 1946 she was operated on 
in the left side. The left adrenal proved to have been transform- 
ed into a 15 X 11 X 8 cm. large tumour, in which there was 
found no normal adrenal tissue, except for a narrow strip at 
the anterior lower pole. The entire adrenal was excised. Well 
over 2 months after the operation the growth of hair on face 
and neck had become thinner again, perhaps a little more 
so than after the previous Ovex treatments, whereas the hyper- 
trichosis on body and extremities was unchanged. After 4 or 
5 months, however, the patient presented increasing hyper- 
trichosis on neck and face. As she was still excreting large 
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amounts of androgens and 17-ketosteroids she was operated 
on in the right side on March 3. 1947. A fist-sized capsulated 
adrenal tumour was found, which peeled readily from the 
adrenal. The tumour, measuring 9X9X5 cm., was excised. 
Microscopy of this tumour, as well as of that removed at the 
former operation, revealed a typical adrenocortical adenoma 
with no signs of malignancy. Both operations ran an uncompli- 
cated course wnth no suggestion of adrenal insufficiency {Dahl- 
Iversen & Hojensgaard, 1947). 

A few months after the latter operation a decrease was 
observed in the hypertrichosis on face and neck, correspond- 
ing almost to that seen after a thorough Ovex treatment. On 
body and extremities, on the other hand, the hypertrichosis 
persisted unchanged. How'ever, after yet another month the 
hypertrichosis on neck and face was seen to have increased 
somew'hat again. The Ovex treatment was, therefore, resumed 
W'ith injections Uvice w'eekly, a total of 23, from June 13 to 
Sept. 11, 1947. The treatment had an excellent effect on the 
facial hypertrichosis, even somewhat better than previous 
treatments, but none on that of body and extremities. 

The grow'th of hair on face and neck is now (Jan. 1948) 
very thin, the hairs are light and very loose. The patient 
manages wnth epilation once wmekly, and still there are but 
few hairs. Her complexion is clear (almost as photo No. 2). 
The baldness is unchanged, and the remaining hypertrichosis 
as when I first saw the patient. Mammae, distribution of 
fatty tissue, and general habit are likewise unchanged. 

The patient is in a depressed state of mind, very disappoint- 
ed with the poor result of the operation, which she had hoped 
wmuld have a great effect. She is very sensitive with inferiority 
complexes, very self-centred, and is ahvays tormented by the 
idea that she is abnormal. Otherwise no mental changes. She 
feels as a woman, also sexually, but her libido has actually 
disappeared. 

Table 1 summarizes the determinations of the output of 

17-ketosteroids and of androgens. 

The previously slightly increased blood pressure is now 
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Excretion of n-keiostcroids and androgens in the urine.') 

The excretion of 17-kctost.cvoids, indicated in milligrams, was de- 
tei'mined photometrically, except tliat marked *, which was prepared 
in a chemically pure form. 

Tlie excretion of androgens was determined biologically on capons 
and indicated in capon's comb units (C. TJ.). 

The figures in Table 1 indicate the average 24-hour excretion for 
3 to 5 days. The 24-hour excretion was, however, often liighcr, once 
(July 8, 1945) even 582 mg. and 1360 C. U. ro.spectivcly. 

normal (about 120/80). There is no postural hypotension. The 
basal metabolic rate is likewise normal (107 %), and the 
glucose tolerance no longer definitely abnormal. These func- 
tions seem to have become normal after X-ray treatment of 
the pituitary body. 


DISCUSSION 

Androgen and 17-keiosteroid excretion. 

The excretion of androgens as well as that of 17-kclo- 


*) The androgen excretion as well as that of 17-kelosteroids have 
most kindly been determined in havens kemiske Fabrik, for which 
I want to express my sincercst thanks to tlio factory and to ill. Tcm- 
??cscn, Dr. phavm., Director of the Biological Department. Tlie andro- 
gens were determined biologically on capons, and the 17-kclostcroids 
photometrically according to Calloio's method (see also Jensen C C 
Pedersen^Bjergaard, K. Tmvic.scn, M.: Bibliot. f. huger, separate 
issue Dec., 1944). 
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steroids, followed throughout the course, varied a great deal 
hut the variations were generally parallel for the two sub- 
stances (see Table). The Ovex treatment had no definite in- 
fluence on the androgen and 17-ketosteroid excretion, whereas 
each excision of an adrenocortical adenoma elicited a marked 
fall in both, followed, however, by a prompt rise, though not 
to the original amounts. The excreted 17-ketosteroids, both 
before and after excision of the adenomas, have been prepared 
in a pure form in Lovens kemiske Fabrik. The last time, 
after the excision (12th to 18th of Sept., 1947), the 24-hour 
excretion of 17-ketosteroids amounted to ah. lOOmg. In both 
cases the substance consisted of 60 to 80 % dehydro-andro- 
sterone, while the rest was a mixture of different 17-ketoste- 
roids {Theil Nielsen, Peclersen-Bjergaard & Tonnesen, 1948). 
In other words the )5-fraction (consisting chiefly of dehydro- 
androsterone) is greatly increased in proportion to the remain- 
ing 17-kelosteroids, the former constituting normally no more 
than 10 % of the entire amount of 17-ketosteroids [Salter, 
Cahen, Sappington & Sappington, 1946). The findings in the 
present patient seem to accord well with previous statements 
[Crooke & Callow, 1939, Frieclgood, 1944 and Mason & Kepler, 
1945), according to which in particular the dehydro-andro- 
sterone concentration in the urine is said to be increased in 
association with adrenocortical tumours, unlike \vhat is the 
case in hyperplasia. However, these statements seem to deal 
chiefly with malignant tumours versus hyperplasia. Other 
writers [Salter, Cahen, Sappington & Sappington, 1946) have 
found the ^-fraction considerably increased, both absolutely 
and relatively, in proportion to the a-fraction also in associa- 
tion with adrenocortical hyperplasia, though less pronounced 
so than wdlh adrenocortical tumours. 

The androgen and 17-ketosteroid excretions found in this 
patient are enormously high. Slot (1936), in a w'oman with 
malignant adrenal tumour, found an excretion of 2200 I.U. 
per litre of urine (biologically determined), which corresponds 
to nearly 440 C. U. or 220 mg. Slot's finding is stated [Cahill, 
1944 and Goldzieher, 1939) to be the highest reported so far. 
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Crooke & Callow (1939) found an excretion of up to 850 mg. 
17 -ketosleroid per litre of urine in a girl, aged 6, with left 
adrenocortical carcinoma; but the highest 24-hour excretion 
was 288 mg. Westman (1941), on the other hand, has published 
a case of adrenocortical adenoma, where no less than 20,000 
C. U. were found per litre of urine. 

Determinations of the androgen and 17-ketosteroid concen- 
trations in blood are as yet rather uncertain, but various 
methods have been suggested and applied by a number of 
investigators {Me. Ciillagh, Me. Ciillagh & Hicken, 1931, Me. 
Cullagh & Osborn, 1938, Tdrnblom, 1946 and Zimmermann, 
1944). In Lovens kemiske Fabrik experiments have been made 
with the object of finding a method fit for the purpose, but 
no reliable method has been found so far. The enormous ex- 
cretion of androgens presented by this patient induced us to 
think that she might also have a high androgen concentration 
in the blood and thus be found particularly fit for experiments 
of determination of androgens in the blood. The biological 
method (the capon’s comb method) was applied for the de- 
termination. However, despite repeated experiments and 
although uji to Vs litre of blood was applied each time only 
very small amounts of androgens could be demonstrated, so 
small that they were demonstrable only by apjilication on 
the capon’s comb, but not by the injection method. The 
amount found did not exceed that present in the blood of 
adult men. This corresponds, however, to previous statements 
{Crooke (C Callow, 1939 and Tdrnblom, 1946) of a normal 
serum 17-ketostcroid value despite large excretion in the urine, 
an observation which is suggestive of a low renal threshold 
value of these substances and a very promj)! excretion. It like- 
wise accords with the fact that the concentration of total 
cholesterol in the l)lood was not found increased in our patient. 

Treatment. X-rays on adrenals and pituitary body have 
sometimes been applied Avith success in cases of the adreno- 
genital syndrome (Gohlzieher, 1939, p. 723). X-ray treatment 
of the adrenals proved to have no effect whatever in the case of 
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our patient. This is only what might he expected, since inhibi- 
tion of the adrenal function must be supposed to be obtainable 
only by administration of such large X-ray doses that the sur- 
rounding organs are damaged. X-rays on the pituitary body, on 
the other hand, seemed to reduce the blood pressure, the basal 
metabolic rate, and the glucose tolerance to normal values but 
had no influence on the virilism. This it not to be wondered at 
since the latter was due to adrenocortical tumours. An effect 
might perhaps have been expected, if the syndrome had been 
caused by adrenocortical hyperplasia, which may possibly be 
due to an increased production of a corticotrophic hormone. 

Also oestrogen in large doses has been stated sometimes 
to have a favourable effect on the adrenogenital syndrome and 
to reduce the 17-ketosteroid excretion (Goldzieher, 1939 and 
Talbot et al., 1942). Our patient, however, presented no de- 
crease of the androgen or the 17-ketosteroid excretion, despite 
prolonged treatment with large doses of oestrogen {Ovex). The 
Ovex treatment had a markedly inhibitory effect on the growth 
of hair in the patient’s face, from which it could be kept away 
almost entirely, but no definite effect on the remaining hyper- 
trichotic (virile) hairiness. The reason for this is unknown. 
It is, however, no doubt only a question of the quantity used, 
since a high dosage seemed to loosen the hairs on body and 
extremities, so it is not unlikely that an even higher dosage 
might have inhibited the growth of hair. The excretion, and 
therefore probably also the production, of androgens having 
remained unchanged during the Ovex treatment, the inhibitory 
effect of the latter on the facial hypertrichosis cannot have 
been due to a decrease in the androgen production, but must 
be supposed to have been caused by a direct antagonism be- 
tween oestrogen and androgen (Lef/i Pedersen, 1947). 

The oestrogen dose received by the patient was enormous. 
Within a scant 2 V 2 years she was given 154 Ovex injections 
of 50,000 I. B.U. each (= 5 mg. oestradiol monobenzoate), 
or a total of 770 mg. After having got about 40 injections 
the patient developed oedema of feet and crura as well as 
petechiae in these areas, which, howmver, subsided shortly 
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after discontinuation of the treatment, not to recur desp te 
renewed treatment with equally large doses as before The 
treatment involved no other complications or troubles of any 
kind. If, however, the uterus had not been amputated, there 
would no doubt have been haemorrhage from this organ. 

Diagnosis. It cannot he said for certain why excision of 
the two adrenocortical adenomas was not followed by recovery 
from the virilism, as we had expected. There is no clinical 
evidence to suggest that the syndrome should have been caused 
by a pituitary lesion (e. g. basophilic adenoma) in addition to 
the adrenocortical adenomas, nor that an ovarian tumour (ar- 
rhenoblastoma) should he present as well. 'Die ovaries had 
also at previous laparotomy been seen to be normal. Moreover, 
the adrenogenital syndrome is never associated with such a 
large 17-Icetosteroid excretion when caused by lesion in i^i- 
tuitary body or ovary. 

Hence there can hardly he any doubt that the patient’s 
virilism is still due to adrenocortical hyperfunclion. It seems 
unlikely that the remaining right adrenal, which seemed 
normal after excision of the adenoma, should have become so 
hypertrophic that it can be supposed alone to ])roduce such 
large amounts of l7-kctostcroids.. Also mclastascs seem an 
unlikely possibility, since the removed tumours showed no 
signs of malignancy. 

Therefore, I believe the most reasonable explanation to be 
one of hyperplasia or small tumours in accessory adrenals or 
aberrant adrenocortical tissue, of very common occurrence, 
most often situated close to tlie adrenals, along the spermatic 
veins, in ligamentum latum, ovaries, or testes. Cases of virilisa- 
tion due to tumours in sucJi accessory adrenals or aberrant 
adrenocortical tissue have previously been reported {Cahill, 
1944 and Osiergaard, 1946); but cases of concurrence of 
tumours in both normal adrenals and tumours or hyperplasia 
in accessory adrenals have to my knowledge not been described 
in the literature. 

It seems doubtful whether the fact that the greater part 
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of the excreted 17-ketosteroids in our patient consisted of 
dehydro-androsterone also after excision of the adrenal 
adenomas can justify one in concluding that it is still tumour 
tissue which is responsible for the 17-ketosteroid production 
The theory of the relative increase of the /S-fraction in as- 
sociation with adrenocortical tumours, unlike what is the case 
in hyperplasia, seems applicable, if at all, only where it is a 
question of differential diagnosis between malignant adrenal 
tumours and hyperplasia. In the present case, as mentioned 
above, the tumours were hardly malignant. Therefore, if tu- 
mours are responsible, they must be of a benign nature 
(adenomas), and as such they should probably be regarded 
as forming part of a universal adrenocortical hyperplasia. The 
17-ketosteroid excretion in our patient seems, therefore, to go 
against the above theor 3 ^ 


SUMMARY 

A case is reported (woman, now aged 46) with a history 
of pronounced adrenal virilism of ah. 25 years’ duration. She 
excreted enormous amounts of androgens and 17-ketosteroids 
in the urine, and the greater part of the 17-ketosteroids proved 
to be dehydro-androsterone. 

X-rays on adrenals and pituitary body had no effect on the 
virilisation. By administration of large doses of oestradiol 
monobenzoate as intramuscular injections {Ovex) it was pos- 
sible to reduce the growth of hair on face and neck, while the 
treatment had no effect on the hypertrichosis on body and 
extremities. By operation first one adrenal was removed, which 
had been transformed into a large adenoma, and next a fairly 
large adenoma was excised from the other adrenal. But the 
virilism persisted unchanged, and the androgen and 17-ke- 
tosteroid excretion continued to be considerably increased. 
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The reason for the persisting virilism after excision of the 
adrenal adenomas is supposed to be the presence also of hyper- 
plasia or tumours (adenomas) either in accessory adrenals or 
in aberrant adrenocortical tissue. 
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(Professor E. Rydberg, M. D.) 

ON THE MECHANISM OF THE ACTION 
OF OESTROGENIC HORMONE PREPARATIONS 
IN OVARIAN INSUFFICIENCY^) 

BY 

ERIK RYDBERG AND KAREN-MARGRETHE MATHIESEN 

The very nature of the questions which are to be con- 
sidered in the present paper makes us begin with something 
as fundamental as the properties by which we define a hor- 
mone. 

A hormone may be regarded as a kind of activator — a 
substance which is produced in an organ and then when 
transported to some other organ or organs produces there an 
effect which is usually highly specific. 

The very word »hormone« — meaning to exite or arouse 
— suggests that the action of such a substance in the organism 
is a stimulation. 

But when speaking of sex hormone therapy one employs 
the word stimulation in another and special sense. As you will 
know, we often use the expressions » substitution therapy « and 
»stimulation therapy«, .and regard these forms of treatment 
as entirely different in principle. Obviously, then, stimulation 
means something else and more than it does when we say 
that all hormonal activity really is a stimulation. 


) Paper read by E. R. at the meeting of the Danish Society foi' 
Endocrinology 29/4 1947. 
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When speaking of substitution- and stimulation therapy 
we are touching upon a question which is basic for the whole 
clinical sexual endocrinology and especially as regards the 
problems of w'hich we are now to speak. It is therefore well to 
pause a moment and consider the fundamentals of the matter. 

It is not so easy to give a concise definition that actually 
distinguishes between the concepts of stimulation therapy and 
substitution therapy. Let us try to express it as follow’s: We 
are dealing with stimulation therapy when by means of hor- 
monal treatment we set in action a physiological mechanism 
which at the moment is at rest but otherwise functions spon- 
taneously, and when this mechanism at least has a tendency 
to continue to function after the treatment. We ihay use the 
picture of a clockwork that is wound, but stopped. Giving the 
pendulum a push makes the clock go without the necessity of 
supplying additional force from without. This is stimulation 
treatment. 

We speak of substitution therapy, however, w'hen the hor- 
mone only acts directly on the receptor organ in a certain 
regular proportion to the administered amount of the hormonal 
substance and only for so long as it is being introduced into 
the organism or perhaps furnished from a depot if dealing with 
injection treatment. 

Obviously it is desirable to use methods in the hormonal 
treatment which have the character of stimulation therapy if 
at all conditions are there to permit it. 

Within the field of sex-endocrinological clinical research, 
investigators have from the beginning aimed, more or less 
consciously, at this object, but they have undoubtedly also 
in many instances believed that they had achieved an actual, 
more or less permanent stimulation of automatic organ func- 
tions when in reality they had only produced a momentary 
activity and the brief effects of this activation. 

Actually, however, it is a very strong requirement that our 
therapy should be a true stimulation therapy, and within other 
fields of medicine than that of gynecology the endocrine 
therapy is nearly always pure substitution therapy and nothing 
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else It is sufficient only to mention the insulin therapy m 
diabetes mellitus and the treatment with thyroidin m myx- 
edema and similar conditions; the fact is, that the actual func- 
tion of the insufficient organs is not affected to any marked 
degree by these treatments, and the primary disease continues 

to exist. 

It is undoubtedly the regular cyclical course in the female 
sexual functions that from the very beginning gave rise to a 
differentiation within the sexual endocrinology between sub- 
stitution- and stimulation therapy. Disturbances of this func- 
tional course are evident, first of all, in that the menstruation 
ceases or becomes irregular, thus already in the first visible 
manifestation of this cycle, and the definite object of the 
treatment is therefore to help to re-establish the rhythmic 
function so that this function continues spontaneously. 

Now, it is actually so that in many cases it is possible by 
hormonal treatment to achieve an effect corresponding to what 
is meant by stimulation therapy, e. g,, when treating cases of 
ovarian insufficiency with gonadotrophic hormones {Rijdberff 
et at 1939, 1943 and Westman, 1941). In other cases it can be 
said beforehand that this treatment will not succeed, while 
a substitution therapy very well may be indicated and bene- 
ficial to the patient. It is a matter of pure substitution therapy, 
of course, when treating a climacteric patient for her meno- 
pausal symptoms or a castrate for the same well known 
syndrome. The slate of function of the genital organs is not 
affected permanently, as there is no basis for an awakening 
of the cyclic processes. In the cases where there might be 
the possibility of achieving something more — i. e. in young 
vomen with the ovaries intact — it really becomes a question 
of cardinal importance wdicre the hormone acts, and how far 
and deep its action extends. 

We shall examine a little more closaly the activity of the 
oestrogens in their clinical application from the point of view 
of stimulation- or substitution therapy in cases where a sub- 
stitution therapy is conceivable and not a priori out of the 
question. 


12 * 
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It is well known that the first experiments on the treat- 
ment of conditions of ovarian dysfunction involved the use of 
oestrogenic substances alone or in combination with corpus lu- 
teum hormone, so that the problem is by no means a new one. 

Now, which effect could such a treatment be imagined to 
produce in a case of ovarian insufficiency, let us say in a 
typical case of secondary amenorrhea in a young woman? 

We know that with sufficiently large doses it is possible to 
produce bleeding, and that the endometrium can be first 
brought into proliferation — by means of an oestrogenic hor- 
mone — and next into premenstrual change — by means of 
corpus luteum hormone — and this in castrated women. In 
castrates it is of course impossible to produce more than the 
peripheral reaction — a lasting stimulation and a spontane- 
ously continuing cycle are out of the question because the 
ovaries are lacking. But what happens if we treat a woman 
who is suffering from secondary amenorrhea, and how shall 
we be able to gain insight into the mechanism of the mode 
of action of the oestrogens in cases where the ovaries are 
intact and where there therefore is a possibility of making 
them function? 

This is really the crux of the matter as regards treatment 
of such cases, and the value of this kind of therapy depends 
on whether or not we have a chance of achieving more than 
the peripheral reaction. In a word, is the treatment of the 
ovarian insufficiency with ovarian hormone stimulation 
therapy or substitution therapy? On this point opinions have 
varied. 

Kaufmann (1935, 1937) who has treated large series of 
amenorrheic patients with oestrogens and with oestrogens 
combined with corpus luteum hormone, is of the opinion that 
one must regard the treatment as more than pure and simple 
substitution therapy, but he does not attempt any further ana- 
lysis of how these hormonal preparations act in the organism. 
Westman, who has reported his results in a comprehensive 
paper in 1941, shares the opinion of Kaufmann regarding 
the mode of action of these hormones. As early as in 1935 
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Zondek succeeded in producing a menstruation m a p - 
tient with primary amenorrhea by treating her with gonado- 
trophic hormone prepared from the urine of pregnant women, 
and he says on this occasion that he believes that the gonado- 
trophic hormones should make a true stimulation therapy 
possible in conditions of ovarian insufficiency, in contrast to 
what can be obtained by the then generally used treatment 
with ovarian hormones, wdiich he regards as pure substitu- 


tion therapy. We shall mention one other representative author 
who recently has given an exellent comprehensive presentation 
of the treatment with sex hormones and who has tried to ap- 
praise the present state of affairs as regards the therapeutic 
possibilities of these hormones. We are referring to the English 


investigator Bishop, wdio in 1944 says: »In the past ten 
years, however, there has developed a sober recognition of 
the fact that oestrogens are incapable of stimulating either the 
ovary or the pituitary... « 

We shall refrain from a detailed critical examination of 
the basis for these statements. On the whole, Kaufmann’s and 
Westman’s results arc in agreement, and what can be said 
in support of their claim — that the treatment with ovarian 
hormones in many cases is more than a mere substitution 
therapy — is the fact that in a relatively large number of 
cases of amenorrhea it has been possible not only to produce 
bleeding, which in itself is not so remarkable, but to start 
a cycle which then continues spontaneously. 

When Westman (1941) has been able to produce not only 
one bleeding, but regularly recurring cyclic bleedings in 30 
out of 64 cases of secondary amenorrhea, one must say that 
this result favors the idea that the treatment is not merely a 
momentary substitution for the reduced or totally absent 
ovarian function, but is something which in a more profound 
and more lasting way has affected the cyclic sexual functions. 

An evaluation of the therapeutic results becomes difficult 
however, because the majority of cases in which the ovarian 
function is set in action arc within the group of patients who 
have suffered from an amenorrhea of relatively short dura- 
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tion. Moreover, when judging the results of the therapy one 
must take into account that the treatment, which- consists of 
repeated series of injections, often will extend over so long a 
period of time that a spontaneous reappearance of the ovarian 
function can occur in several of these cases. But all in all, one 
must say, at any rate, that such works as that of Westman and 
that of Kaufmann make it highly probable that the treatment 
with ovarian hormones gives more than an accidental peri- 
pheral reaction. 

We shall now present some cases which in our opinion sup- 
port this point of view in a rather convincing manner. 

One difficulty of judging the possible reaction of the ovary 
to the oestrogen treatment is that when using ordinary injec- 
tion therapy with genuine ovarian hormone preparations dis- 
solved in oil one cannot reckon with obtaining definite inform- 
ation from hormone analyses in connection with the treatment. 
First of all, this oestrogen must be given in the form of in- 
jections, otherwise it is broken down to the extent of, 90 — 95 
per cent in the liver and thus only to a very slight degree ab- 
sorbed by the circulating blood, and when one introduces a 
larger depot of it dissolved in oil, the hormone is absorbed but 
slowly and will undoubtedly remain for a relatively long, in- 
definite period of time in the depot. If now the oestrogen ex- 
cretion in the urine is determined soon after the treatment, 
one never know's whether the substance determined simply 
is the injected hormone or originates from the ovaries of the 
patient which have begun to give off oestrogen. The oestrogen 
found in the urine can, of course, originate from both of these 
sources. 

Here the synthetic oestrogenic preparations have presented 
us with new possibilities for studying the reaction of the ovary. 
The fact is that these preparations — at least in so far as the 
one used by us is concerned — when given per os seems to 
pass the liver without being broken down, and moreover dis- 
appears from the organism within 24 or at the most 48 hours. 
The preparation to which we refer is »SexadiBn« or di(p-oxy- 
phSnyl)-hexadien. Its behavior in animals has been studied by 
Dr. K. Pedersen-Bjergaard (1940) and we have later found that 
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it behaves similarly in human beings. Table I shows some 
tigurL which indicate how rapidly this oestrogen.c substance 

disappears from the urine. 


Table I. 


Day 

Sexadien 

administered orallj' 

Twenty-four-hour output 
of oestrogens in mouse units 

A 

B 

1 

2 


10 

< 10 


800 

200 

3 i 


i 800 

500 

4 

' 7.5 mg 

350 

250 

5 

' 

300 

600 

6 

— 

< 10 

10 

7 

— 

< 10 

10 

8 

— 

< 10 

10 

9 

— 

< 10 

< 10 

10 

— 

< 10 

< 10 


Twenty-four-hour excretion of Sexadicn in mouse units in two male 
persons (A and B). The determination of oestrogens (Sexadien) in 
the urine W'as begun the day before the treatment. The Sexadien W'as 
given perorally during 3 days. Dosage 7.5 mg. daily. 


If substances with oestrogenic action are found in the 
urine, say 3 — 4 — 5 days after a Sexadien treatment has ceased, 
their origin cannot be the oestrogen administered but must be 
looked for somewhere else and the same is true even if large 
doses of Sexadien are used. 

This means that we can conduct hormone analyses a few 
days after the treatment has been terminated, and that wc, if 
we. find a distinct increase in the excretion of oestrogenic sub- 
stances after the treatment compared to that found before, 
can conclude that the increase is due to a hormonal source 
in the organism itself — in other words, that the ovary most 
likely has been stimulated to produce oestrogen. 

We shall now show how the hormone excretion has be- 
haved in some cases of amenorrhea wdiich we have treated with 
Sexadicn. We have also examined the endometrium at the 
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bleedings that occurred in connection with the treatment 
and we shall see that both methods of investigation give in- 
formation that may serve in broadening our insight into what 
happens in the organism in these treatments. 


OWN INVESTIGATIONS 

In all we have treated 49 cases of amenorrhea with Sex- 
adien. 

The treatment has consisted of giving the Sexadien per os, 

4 — 6 mg, in most instances 5 mg, daily. This treatment has 
been continued for 20 days or 3 weeks, so that the patients 
in each series have received about 100 mg. In several instances 
such series have been repeated several times, at intervals of 
a few weeks. 

In 18 cases treated in this way we have undertaken deter- 
minations of the output of oestrogens before and after the 
treatment. 48-hours portions of the urine are used for the 
determinations and the values are given in mouse units per 
24 hours — in one case (chart .5) only the average excretion 
during 10 days before and after the treatment are determined. 
The determinations of the urine hormonal content are perform- 
ed at the biological laboratory of Lovens kemiske Fabrik, 
Copenhagen after the method of Kemp & Pedersen-Bjergaard, 
a short description of which is given in the paper by Rydberg 
& Pedersen-Bjergaard of 1943. In all cases but one the 
hormonal analyses after the treatment were made so late that 
the Sexadien given must have disappeared — in one case 
(chart 4) the first values of the determinations after the treat- 
ment possibly depending upon the Sexadien given during the 
days before. 

The results of these hormonal analyses were as follows: 

I. Abnormally low values before the treatment 
and unchanged loxv values after the treatment 

in 8 cases 

II. Abnormally low values before the treatment 
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and a slight but hardly significant rise of the 
output after the treatment in 

III. Low values before the treatment and lower 

values after the treatment in 

IV. Abnormally low values before the treatment 

and definite rise of the output after the treat- 
ment 


cases 

cases 


cases 


The values for the 2 cases of group III were the following; 

r Patient I N.24 hour output of oestrogens before the treatment 

8—33 M. U. 

» I. N 24 hour output of oestrogens after the treatment 

8—11 M.U. 

Patient R. 11.24 hour output of oestrogens before the treatment 

8—67 M. U. 

)) R. H. 24 hour output of oestrogens after tlie treatment 

8—33 ]\I. U. 


In the groups I, II and III the values have thus been un- 
changed or fluctuating a little in the one or the other direc- 
tion, when compared before and after the treatment. Such 
fluctuations are of course to be expected and cannot be claim- 
ed to lessen the significance of the curves w’hich are repro- 
duced in the charts I — 5, 

In the following charts the output of oestrogens before the 
treatment and after can be seen. The stepped curve gives the 
oestrogen output in the urine per day in mouse units, ^^^len 
this curve is drawn as a dotted line it means that the actual 
values were not determined and that at any rale they fall 
below the value indicated by the dotted line. 

The charts 1 5 show’ that there can be a considerable 

increase in the excretion of oestrogenic substances in the 
urine foi a w’hile after tlic Sexadien has been given in large 
doses to a patient suffering from ovarian insufficiency. 

This increased excretion has been found so long after the 
treatment that it cannot be an expression for the excretion 
of the hormone ingested by the patient. 

It might perhaps be argued that the metabolism — the 
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3. 



Cliarts, 


Fig. 

showing the excretion of 
treatment- in the 5 cases 


^eirogens before and after the 
belonging to group IV. 
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degradation and excretion — of the oestrogen administered 
in some cases of amenorrhea is entirely different from what 
it is in men and in those cases of ovarian insufficiency where 
the hormone disappears from the organism and is not to be 
found in the urine a few days later. But that seems very far- 
fetched, and in our opinion 'there can be no doubt that this 
increased excretion of oestrogenic substances in the urine 
relatively long after the treatment must be due to an activa- 
tion of the ovary. The experiments mentioned do not show how 
this is brought about, but one would naturally imagine that 
the activation probabl 3 ^ occurs by way of the pituitary gland, 
i. e., that the administration of the oestrogen incites proces- 
ses in the pituitarj'^ gland which in turn cause the stagnation 
to be broken. We have no analogies from animal experiments, 
so we shall refrain from suggesting any detailed theories per- 
taining to the mechanism involved in the activation of the 
pituitary gland. 

We shall, however, refer to the work of O. Waildns Smiih 
(1944, 1945) dealing wdth the piluilaiy response to oxidative 
inactivation products of the natural ocstrogens which has a 
strong bearing upon the present questions. 

If we now look at the reaction of the endometrium wc find 
it to be verj' inconstant. Bleeding occurs with relative regular- 
ity after a Sexadien treatment like the one just mentioned, oc- 
casionally even while the treatment is in progress, but the 
anatomical picture of the endometrium is highlj' variable and 
is not in anj^ definite relation to whether or not there occurs 
a rise of the excretion of ocstrogens after the treatment. Very 
frequently there is a bleeding without the endometrium show- 
ing any sign whatever of having been affected by the hormone. 
In biopsy it occurred lime and again that no mucous membrane 
was obtained, undoubtedly because of advanced atrophy. In 
other cases we obtained a few very small fragments of the 
endometrium which are just enough for the making of a 
microscopic preparation. \Vhcn looked at, the slide shows a 
completely resting atrophic mucous membrane. One maj' also 
meet the anatomical picture of the proliferative phase but wc 
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have rather seldom found a pronounced secretion picture in 
the endometrium of these cases. 

We have re-examined the preparations from our Ihcrn- 
peutic experiments with Sexadien, and when we include onlv 
the specimens obtained at bleeding in direct connection willi 
the treatment, we find that the endometrium has exhibited the 
types recorded in the table 2. 

Tabic 2. 

Cases of Amenorrhea treated with vSexadient!. 


Number of biopsies SO 

.•\tropbic or proliferative endometrium 70 

Secretory changes 10') 

Pregnancies immediately following treatment } 


*) 4 specimens from the same patient. 


Thus we find varying pictures of the endometrium, and in 
rclativelj'- few instances the picture of the mature premenstrual 
phase. 

If one has observed a number of endometrial specimens 
obtained from patients suffering from ovarian insufficiency, 
whether or not in connection with hormonal treatment, then it 
seems to us that one must conclude that verj^ often the bleed- 
ing has nothing at all to do with the phase development in 
the endometrium, and one is obliged, we feel, to assume that 
there must exist a — probably completelj" vascularly depend- 
ent — bleeding mechanism which very likely is under the in- 
fluence of fluctuations in the supply of oestrogenic substances. 

Relatively often the bleeding has occurred while the Sex- 
adien administration was still in progress, but most commonly 
it follows a few days after the treatment has been discontinued. 

As we have seen, in only 10 out of 80 specimens it was 
possible to observe a secretory phase in the endometrium. The 
closer scrutiny of the cases makes it seem probable that this 
change of the endometrium must he regarded as an effect of 
the treatment. Then one must imagine that there has been an 
activation of the pituitary gland and a giving off of luteinizing 
hormone which has acted on the ovary, since Sexadien alone 
cannot possibly have such an effect. 
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At present we dare not say anything definite regarding the 
therapeutic results. The biopsies show that the bleedings oc- 
curring in connection with the treatments rather seldom cor- 
respond to the menstrual change of the endometrium. This 
stands out in clear contrast to what is found after treatment 
with gonadotrophic hormones. The results at long sight do not 
appear to be very good either, but several patients have inter- 
rupted the treatment after one or two series and we have not 
performed a regular follow-up examination, our material being 
as yet too small. 

We believe, however, that we are safe in saying so much : 
With Sexadien treatment like the one mentioned there is a 
chance to activate the ovary in cases of ovarian insufficiency, 
but the results of this treatment are by far not comparable to 
the results obtained with gonadotrophic hormones w’hen given 
in rational dosages (Rydberg et oZ. 1939, 1943). 

As seen from the table 2 we have 4 cases in which preg- 
nancy occurred in close connection with the treatment. These 
cases most certainly suggest that the Sexadien treatment can 
bring about an actual activation of the ovary, an activation 
which also involves, or at any rale sooner or later maj" be 
followed by the phenomenon of ovulation. We shall therefore 
give some brief summaries of these 4 cases, and at the same 
time show a summary of a case where the pregnancy did not 
occur immediately after the treatment, but nevertheless, as 
we shall see, in all probability was due to the Ircalnienl. 


Case records 1 — V. 

Case I. 

llCl/42. R. A. Ago 25 (.Tan. 1944), married. 

Menses began at 14, always irregular Avitli internal from 3 to 12 
months. Married for nearly two years. Involuntarily sterile. 

Physical cxanimalion: normal findings. 

1944 3/1-14/1 Oestr.: 11 50 <8 11 <8 11 M. U./24 liours.*) 

17/1 /«/ ^ n.VJU hours. 

17/1-G/2 Sexadien 4 mg. daily, total dosage 84 mg 
10/2-17/2 Bleeding. 


') The figures are average for two 24-hours portions of the urine. 
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1/3—13/3 Oestr.: 67 100 67 67 33 100 M. U./24 hours. 

Gonad.: 15 90 180 180 180 450 R. U./24 hours. 

7/3 Bleeding. Endometrial biopsy. Insufficient quantity 
removed for histological diagnosis. 

6/4 Bleeding. Continuing and increasing the following 
days. 

12/4 Abortion. Evacuation. 

Hereafter regular menstruation. Latest report 15/8 
1946. 


Case 11. 

883/46. I. 0. Age 22, married. 

Menses began at 13, always irregular with prolonged intervals. 
Latest spontaneous bleeding December 1945. In the beginning of April 
1946 bleeding after »Ovex«-injections (oestradiol benz.). Never preg- 
nant. Involuntarily sterile for 3 years. 


Plujsical examination: normal findings. 

1946 7/6 Endometrial biopsy: proliferation. 

15/6 — 4/7 Sexadien 5 mg. daily, total dosage 100 mg. 

9/6 — 11/6 Bleeding. 

15/7 — 3/8 Sexadien 5 mg. daily, total dosage 100 mg. 
13/8—1/9 Sexadien 5 mg. daily, total dosage 100 mg. 

11/9 Pregnancy stated. Uterus of the size of an orange. 


Case III. 

1128/45. G. N. R. Age 28, married. 

Two 23 arturitions. Amenorrhea after the latest parturition 30/6 
1944. Treatment begun 14 months afterwards. Lactation during about 
9 months. 

Physical examination: normal findings. 

1945 31/8 Bleeding. Endometrial biopsy: atrophic endome- 

trium. 

10/9 — 30/9 Sexadien 5 mg. daily, total dosage 105 mg. 

In the first days of October scant bleeding. 

24/11 — 14/12 Sexadien 5 mg. daily, total dosage 105 mg. No 
bleeding followed. 

1946 28/1 Pregnancy stated. 

Case IV. 

3550/44. G. K. P. Age 29, married. 

2 children, 3 abortions. The latest abortion Jan. 1944. Amenorrhea 
during 1 year before treatment. 
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Physical cxaviination: normal findings. 

1945 5/1 — ^25/1 Scxadicn 5 mg. daily, total dosage 105 mg. 

18/1 Bleeding. Endometrial biopsy: proliferation. 
1/3—21/3 Sexadicyi 5 mg. daily, total dosage 105 mg. No bleed- 
ing followed. 

Pregnancy stated. 

Parturition at term 3/2 1946. 

Case V. 

1828/44. I. H. Age 32, single. 

Up to the latest two years menstruation regular. Then scant bleed- 
ings with an interval of 3—4 months. Amenorrhea 5 months before 
treatment. 

Physical examination: uterus a little hypoplastic, otherwise nor- 
mal findings. 

1944 1/1— 2in Scxadicn 6 mg. daily, total dosage 120 mg. 

22/7 Bleeding. Endometrial biopsy: proliferation. 

Hereafter regular bleedings of normal menstrual type for nearly 
II/, year. Latest menstruation in the beginning of November 1945. 
Then pregnant. 

% 

That the pregnancies are associated with the treatment 
must be regarded as obvious, at least in so far as the first 2 
cases arc concerned, and in cases where ovulation tlius )ias 
occurred after the treatment there can hardly l)c any doulit 
as to the activation of the pituitary gland. It is certainly not 
very probable that ovulation sliould be a direct oestrogenic 
effect on the ovary — at any rate, there is nothing in Hie 
experimental biology to support such an idea. 


DISCUSSION 

The following may be said in summarizing the hormone- 
analytical investigations and the closer observation of the 
cases in which pregnancy has occurred in connection with 
the treatment: 

It is beyond doubt that oestrogenic acting hormones — 
here the synthetic preparation Scxadicn — in certain cases 
of stagnant ovarian function can activate the ovary. This 
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activation can also be followed by ovulation. This means that 
with oestrogenic hormones we have a chance of perfonnin« 
a true stimulation therapy. Or one may express it as follows; 
The first provision for a stimulation therapy is that the hor- 
mone extends its activity beyond the peripheral genital organs, 
and that we thus can notice an effect on the ovary, the pituitary 
gland, or on both organs. The hormone-analytical investiga- 
tions show that the ovary can be activated by Sexadien treat- 
ment, and we can say — inter alia because we have achieved 
several conceptions in direct connection with the treatment 
— that it is highly probable that the whole play is set in 
action by an activation of the pituitary gland. 

Considering now the two types of hormonal treatment — 
with gonadotrophic hormones or with oestrogenic acting sub- 
stances — then it can undoubtedly be said that we have been 
more successful with the gonadotrophins irrespective of the 
purely symptomatic treatment. On the other hand, however, 
our present experience strongly suggests that the essential dif- 
ference as regards an effect on the internal secretory system 
is not so very great. 

We may now roughly schematize the hormonal relations 
between the pituitary gland, the ovary and the peripheral 
organs as in figure 6. 




Hypophysis 



Peripheral genital organs 
Fig. 6. 

Hormonal Relations between the Pituitary Gland, the Ovary and the 

peripheral Organs. 



187 


When treating ovarian insufficiency hormonally we have, 
when setting in our treatment on track I in the figure, i. e., 
when using gonadotrophic hormones, a great chance of ob- 
taining results which correspond to what we understand by 
stimulation therapy. When employing oestrogenic substances 
the hormone always acts upon the peripheral genital organs 
(track II a) but it is extremely probable that the treatment 
sometimes is set in on track II b too. At any rate, it can be 
said that when giving oestrogenic substances to a young and 
sexually mature woman suffering from temporary ovarian 
insufficiency her reaction sometimes will show that they do 
not merely act by the way of track II a, which might be called 
a »dead-end« track. 

The closed reaction circuit I — II b suggests an apparatus 
which may be made to vibrate and which is capable of re- 
sonance. It should then be possible to produce resonance by 
impulses both along track I and along track II b. 

To return to the picture of a cloclavork, then it looks as 
if both the treatment with gonadotrophic hormones and %vilh 
oestrogenic substances can function as the push which is 
required to set the clock going, and we may thus manipulate 
with the clockwork in different places and obtain the same 
result. 


SUMMARY 

The synthetic preparation Sexadien, di(p-oxyphcnyl)-hcx- 
adien has been used in doses of 4 — 6 mg. daily in periods of 
about 3 weeks in 49 cases of amenorrliea. 

Hormone-analytical investigations in 18 cases give strong 
evidence of a real activation of the ovary in 5 of these cases. 

In 4 cases pregnancy occurred in close connection to the 
treatment. 

These experiences arc strong supports for the conception 
of the treatment with oestrogenic preparations being some- 
times more than pure substitution therapy. 

The chances for practical results in the treatment of ovarian 
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dysfunctional conditions in younger women are however ap- 
parently much better when gonadotrophins in rational dosage 
are given. 
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Fi'oin the Department of Women’s Diseases, Kavolinska Sjnkhuset, 
Stockholm. (Professor A. Westman, U. D.). 

URINARY EXCRETION OF OESTROGENIC 
SUBSTANCES AND 1 7-KETOSTEROIDS IN CASES 
OF METROPATHIA HAEMORRHAGICA-) 

BY 

MIRJAM FURUHJELM 

Tj'pical cases of metropathia hacmorrhagica exhibit a hyper- 
plastic endometrium containing cj’stic glands, and in case of 
bleeding thrombosed blood vessels and diffuse areas of ne- 
crosis. The ovaries in these cases may be slightly enlarged, 
and contain from few to many cysts representing various 
stages of follicular atresia, the most characteristic feature 
being an absense of corpora lulea. In all of these patients 
a failure of ovulation is present, and there is reason to believe, 
that the pathological changes in the endometrium arc due to 
an exclusive estrogenic action. The reports published up to 
the present do not reveal neither whetlier this action is con- 
tinuous or fluctuating, nor how strong it is. Therefore, it 
seemed to us of interest to investigate in patients suffering 
from metropathia hacmorrhagica the urinary excretion of 
oestrogenic substances. If an exclusive increased production 
of oestrogenic substances is present in these cases, it may be 
expected, that the normal action of the pituitary body on other 

') This investigation 1ms been carried out with the support of 
Stiftelscn Thcrese och Johan Avderssons Minnc, Stockholm, for 
which I beg to offer my sincere thanks. 
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endocrine glands than the ovary is also influenced. These 
determinations were therefore completed in all cases with the 
determination of the excreted 17-ketosteroids. 

In those cases where the endometrium is showing the very 
same pathological picture, there is a striking difference in the 
histological and gross appearance of the ovaries showing 
changes from cyst formations to atrophy. These facts are sug- 
gesting, that the ovary has a decisive importance in the patho- 
physiology of the disease. 

The pathogenesis of metropathia haemorrhagica is un- 
known. Numerous explanations have been advanced. Kurzrok 
(1941) considered, that the disease may be caused by some 
endometrial disorder. Meyer (1920), Schroder (1919) and 
others believe, that it must be connected wdth irregular ovarian 
function. According to the theory advanced by Westman (1943) 
some disturbances in the production of gonadotrophic hor- 
mones may be responsible for the disease, probably due to an 
excited hypothalamico-hypophyseal function. 

Only a few' investigations have been done on the urinary 
excretion of oestrogenic substances in cases of metropathia 
haemorrhagica. Unfortunately most of these determinations 
have been carried out without hydrolysis of the urine. There- 
fore the values obtained w'ere considerably too low'. 

In single determinations Siebke (1931), Frank (1931) and 
Damm (1936) observed increased levels. In a later study on 
84 cases of metropathia haemorrhagica {Genell, 1941) con- 
firmed their results, finding how'ever higher levels in pre- 
climacteric patients than in juvenile cases. 


MATERIAL AND TECHNIQUE 

The entire urinary output from 15 patients suffering from 
metropathia haemorrhagica w'as collected over a period of 20 — 
30 days. Each determination was carried out on the total 
amount of urine excreted during 48 hrs. Particulary details 
of the methods employed have been previously published 
{Furuhjelm, 1940). The amount of oestrogenic substances is 
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expressed in 1. U. per daily output of urine. The determina- 
tions of the 17'ketosteroids were done with the method describ- 
ed by Zimmermann slightly modified by us {Furuhjelm, 1940) . 
The amount of 17-ketosteroids are expressed in mg per daily 
output of urine. 

All patients showed the typical picture of metropathia 
haemorrhagica with the endometrium of the classical type 
characterised by hyperproliferation and cystic glands. Two 
cases, however, showed signs of secretion in the glandular 
epithelium. The state of the endometrium was checked by 
biopsy and the determinations of oestrogenic substances and 
17 -ketosteroids were carried out during both bleeding and 
amenorrhea periods. The material is divided into three groups. 
Group 1 covers the patients treated only by curettage. The 
amount of the excreted substances in this group is presented 
in table 1 and in figure 1. Group 2 includes the patients sub- 
jected to omental implantation in the ovaries. The results are 
given in figure 2, Finally the results of patients treated with 
prominal are listed in figure 3. 


RESULTS 

Group /. Patients treated by curettage only. 

The urinary excretion of oestrogenic substances was con- 
siderably higher than in normal women, showing no decrease 
during bleeding periods, (fig. 1.) 

In six cases the oestrogenic excretion was checked at inter- 
vals of up to one year, and it has been found, that the high 
rate of excretion remains unchanged, (table 1, fig. 2 & 3.) 

Group 2. Patients treated with omental implantation in the 
ovaries. 

Omental flaps were implantated in the ovaries in 5 cases 
(nos 4, 5, 7, 12 and 13) according to the method described by 
Westman (1946). The oestrogenic substances arc in these 
cases carried by the blood stream via the portal system to the 
liver where they are partly inactivated. Using this method 
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Table 1. 


Case no. 

VI 

a 

o 

< 

Duration 

ofdisease 

JTS 

Urinar3' excretion in 24 hrs 


17-ketosteroi(ls mg 

1 Moan 1 

1 


1 

13 

1 

■ 

140, 140, 160, 100, 120, 
125, 110, 150, 75, 40, 
90, 120, 125, 

' after i/o j’^ear 

90, 50, 16, 130, 82 

104 

6.0. 8.0. 6.5. 6.0. 6.5, 

6.0. 6.0. 5.0. 3.0. 2.5, 

5.0. 5.0. 7.5, 

after 1/0 j-ear 

4.7, 2.2, 1.7, 2.4, 5.2 

5.0 

4.3 

2 

1 15 

Va 

i 65, 65, 

65 

5.0, 3.5 

3 

4 

18 

2 

70 


1.8 

1.8 

18 1 

4 ! 

100, 100, 120, 

107 

1 


5 I 

1 

1 

18 

1 

1 

90, 100, 90, 125, 180, 
180, 180, 190, 

after 3 wonths 

110, 120, 75, 120, 200, 
120 

1 

134 

after 3 months 

4.5, 3.6, 3.9, 5.2, 3.3, 
3.8 

4.2 

6 

18 

4 

80. 100, 

after 7 months 

65, 65, 70. 59, 90, 
75 

75 


3.0 

1 

7 

19 


75, 75, 90 

80 

7.5, 5.6, 5.2 ! 

6.1 

8 


4 

130, 130, 75, 45, 130 

102 

4.1, 2.8, 4.7, 2.7, 3.7 

3.6 

9 

1 

4 

125, 130, 130, 

after IV2 year 

45 

108 

2.8, 3.4, 5.0 ' 

3.7 


24 

9 

245, 245, 113, 130 

183 

4.0, 5.0, 4.5, 2.7 

4.1 

11 

29 


150, 200, 200, 225, 120. 
200, 100, 85, 100 

153 

8.0, 3.0, 2.5, 4.0, 5.0, 
4.5, 3.0, 3.0, 4.0 

4.1 

12 

35 


225, 75, 160, 55, 110, 
40, 250, 225, 300, 475, 
400, 300, 275 

after 2 j^rs 

50, 80 

201 

6.0, 5.0, 6.0, -, 3.0, 
0.5, 0.5, 4.5, 3.5, 1.0, 
5.5, 4.5, 3.5, 5.0, 
after 2 yrs 

2.2, 5.0 

4.3 

13 

39 

1 

110 

after 1 year 

110 

no 

4.4, 

after 1 year 

3.9 

4.2 

4.9 

2.7 

14 

• 1 

43 

1 

1 

1 

160, 150, 193, 138, 220, 
no, 210, 225, 250, 250, 
250, 250, 210 

201 

3.7, 5.0, 3.6, 1.5, 4.5, 
4.2, 6.0, 3.6, 9.0, 6.0, 
4.0, 7.2, 5.5 

15 

46 ' 

5 ' 

245. 55, 55 | 

118 

3.7, 1.1, 3.2 
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days after menstruation 

Fig. L 

Excrotion of oesti'Ogenic substances in the ui’ine in healthy women 
(• o) in cases of meti’opathia haemorrhagica (x ©)• 

much greater amounts of oestrogenic substances are inactiva- 
ted than under normal conditions. With the exception of case 5 
in all the cases it was possible to produce the desired effect, 
which resulted in cessation of oestrogenic excretion (fig. 2). 

As it can be seen from fig. 2, the level increased after 
various intervals. The fact, that the excretion did not decrease 
or increased again after a period may be interpreted by the 
detachment of the omental flaps from the ovaries. This could 
he verified in cases nos 5 and 12, at a hysterectomi performed 
later. 
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Fig. 2. 

Excretion of oestrogenic substances in the urine before and after 
omental implantation in the ovaries in patients with metropathia 

haemorrhagica. 


The ovaries \vere examined histologically in four cases 
(Nos 4, 7, 12 and 13). In two of these patients (Nos 4 and 7) 
the ovaries showed hazelnut-sized follicular cysts. Case 12 
exhibited cystic degeneration of the ovaries. Case 13, on the 
other hand showed no cysts at all. Only a few primordial fol- 
licles and corpora albicantia were to be found. The stroma 
was fibrous and very poor in cells. None of the ovaries examined 
contained corpora lutea. It is worthy of note, that the oestro- 
genic excretion in Case 13 both immediately before the opera- 
tion and one year thereafter was just as high as in the other 
three cases with cystic ovaries. 


Group 3. Patients treated with prominal. 

Five of the patients (Cases 2, 3, 6, 8 and 15) were treated 
with prominal in doses of 1 gm three times daily for one week. 
The principles of this treatment were presented by Westman 
in 1943. The purpose of the treatment was to suppress an as- 
sumed state of excitation in the hypothalamus, comparable 



195 


with the effect produced in exophthalmic goiter. (Falia, 1937), 
TOs treatment resulted in a considerably decreased excretion 
of oestrogenic substances during the period of drug administra- 
tion, but it increased again to the previous levels a few days 
after the completion of the treatment (fig. 3). 



Fig. 3. 

Excretion of oestrogenic substances in the urine of cases of metro- 
pathia haemoiThagica treated with prominal. 


Determinations of 17-ketosteroids in the urine. 

As stated above, the determination of 17-ketosteroids was 
carried out in the same sample of urine used for titration of 
oestrogenic substances. The urine of all the patients included 
in this material was checked for 17-ketosteroids. The results 
illustrated in figure 4 show that the levels are consistently 
lower in these patients than in 19 healthy women. Despite 
the fact, that the oestrogenic excretion was influenced both 
by omental implantation and by the prominal treatment, the 
1 7-ketosteroid excretion after both these treatments remained 
unchanged at the same low level. 
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Fig. 4. 

Urinary excretion of 17-ketosteroids in healthy women and in cases 
of metropathia haemorrhagica. 

DISCUSSION 

All the patients suffering from metropathia haemorrhagica 
showed a considerably increased production of oestrogenic 
substances, which was manifested in an increased urinary ex- 
cretion. This result is in accordance with the findings pub- 
lished hy Genell (1941). GenelVs observation also conforms 
with the present study, that the levels vary, with the dif- 
ference, that the lowest levels in the present material are 
relatively high compared with the normal curx^e. (Fig. 1.) The 
consistently high content of excreted oestrogenic substances 
is surprising in view of the varying appearance of the ovaries. 
Three distinct types of ovaries are represented in this material, 
i. e. ovaries with follicular cysts, ovaries with small cysts and 
atrophic ovaries. These findings correlated with the constantly 
high levels of excretion are indicating, that the increased 
oestrogenic production of these ovaries is caused by structures, 
which are not observed at routine gross or microscopic ex- 
amination. Apart from the cause of the appearance of these 
three main types of ovarian changes in metropathia haemor- 
rhagica, there is present in all three types a clear gonadotrophic 
stimulus that leads to an increased production of oestrogenic 
substances. It cannot be definitely established with the method 
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used in the present investigation, whether the existense of the 
three main types means, that the gonadotrophic factor, that 
produces oestrogenic excretion from the ovary possesses a 
component with another point of attack in the ovary, or is 
caused by purely pathologic processes in the ovary. This point, 
however, must be regarded as of secondary importance, since 
the essential question appears to be to decide which factors 
are responsible for the increased oestrogenic production under 
these pathologic conditions. 

Understanding of the oestrogen-producing structures in 
these ovaries and of the conditions under wdiich . they are 
produced, might reasonably be expected to throw light in the 
problem of whether these glandular cells develop as a direct 
consequence of a changed pituitary body stimulus or the 
damage can be traced to the ovary itself, 

A method for direct analysis of the oestrogen-forming 
structures in the ovary in the rabbit, the mouse avrd the guinea 
pig was evolved by Claesson & Hillarp (1947) and has been 
applied in modified form in human beings. (Claesson, Hillarp 
& Johansson, 1948). The increased urinary excretion of oestro- 
genic substances in metropathia haemorrhagica has been re- 
duced considerably by means of omental implantations in the 
ovaries and by the action of proniinal treatment on the hypo- 
thalamico-hypophyseal system. Under the former conditions 
the oestrogenic substances are transformed into inactive form 
through the liver. In this way the depressive substances is 
eliminated. No definitive results of this treatment have been 
secured so far however, due to the abovemeniioned technical 
difficulties. 

The picture with regard to the prominal treatment is dif- 
ferent. Prominal has a definitely sedative action on the hypo- 
thalamus. Therefore, since Westman, Jacobsohn & Hillarp 
(1943) established the nervous communications between the 
anterior lobe of the hypophysis and the hypothalamus, the 
results seem to indicate that the hypothalainico-hypophyseal 
system is in a condition of abnormal excitation, caused either 
by the oestrogenic action on the hypophysis or by a primary 
disorganization of the said system. The results of the present 
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experiments \yith prominal therefore appear to leave open the 
question, whether the primary injury is situated in the ovary 
or in the hypothalamico-hypophyseal system. 

The correlation between the amount of oestrogenic sub- 
stances in the urine and the age of the patient which Genell 
established in 1941, does not seem to fit into the foregoing 
discussion of the pathologic interplay between the ovary and 
the pituitary body. For Genell interprets the correlation as 
due to an external action on the ovary, thus disregarding the 
possibility that also in the upper age group the pathologic 
condition is to be attributed to the hypothalamico-hypophyseal 
system, which is the dominant factor in the interplay. Proceed- 
ing from this, the correlation between age and oestrogen ex- 
cretion cannot be regarded as relevant. Despite the vaguely 
formulated discussion presented by Genell his results appear to 
be indisputable. Consideration of the present material on the 
same principles reveals fundamentally similar results (fig. 5). 
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Fig. 5. 

Relation between oestrogenic excretion in the urine in cases of 
metropathia haemorrhagica (mean value per case) and the age of 
the patients. O = cases in which the duration of the disease could 

be ascertained. 
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The women in the upper age groups usually had had the 
disease longer than the young girls. The duration of the disease 
could be established in 9 cases. The diagram in figure 6 shows 
the urinary excretion of oestrogenic substances compared with 
the duration of the disease in these cases. As appears from 



Fiff. 6. 

The relation between oestrogenic excretion and duration of 

the disease. 

this diagram the amount of the excretion increases with the 
duration of the disease. Therefore the correlation observed 
between the patient’s age and the oestrogenic excretion may 
possibly he due to the fact that the older patients had had the 
disease longer than the young ones. This question should 
be investigated. Studies by Claesson, Hillarp & Johansson 
(1948) make it appear probable that the production of oestro- 
genic substances normally takes place in the theca interna. 
An investigation on the conditions in metropathia haenior- 
rhagica is planned, and the question whether the oestrogen- 
producing glandular mass increases in this disease will he of 
special interest. 

In conclusion it may be said that the present investigation 
leads directly to the assumption that the hormone-producing 
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elements in the ovary are an integral factor in the patho- 
physiology of metropathia haemorrhagica. This study does 
not, however, yield an explanation of the origin of the disease 
or of its course. A number of workers have succeeded in 
producing experimental metropathia haemorrhagica in guinea 
pigs by means of resection of the ovaries. This procedure 
provides an opportunity to analyze the effect of the disease 
on the ovarian remnants left in place. By applying the histo- 
chemical method decribed by Claesson & Hillarp (1947) it 
should be possible to elucidate the specific ovarian changes 
with regard to the formation of oestrogen in this disease, 
which is produced experimentally by a primary ovarian injury. 
An investigation along these lines is being conducted at pre- 
sent. 

The increased production of oestrogenic substances in me- 
tropathia haemorrhagica probably leads to damage to the pi- 
tuitary cells comparable to that which occurs in animal ex- 
periment with administration of oestrogenic substances over 
a long period of time. Hence the constantly decreased excretion 
of 17-ketosteroids may perhaps find its explanation in the cir- 
cumstance, that the pituitary function is pathologically 
changed. 


SUMMARY 

The total urinary output from 15 patients suffering from 
metropathia haemorrhagica was collected daily. The excretion 
of oestrogenic substances and of 17-ketosteroids w’as deter- 
mined in the same samples of urine. The same method was 
used as in a similar investigation on 19 healthy women. All 
the present 15 patients exhibited the classical picture of metro- 
pathia haemorrhagica. The material is divided into three 
groups. Group 1 includes the patients treated with curettage 
only. The patients in Group 2 were treated with implantation 
of omental flaps in both ovaries, while those in Group 3 were 
given treatment wnth prominal 1 gm three times daily for 
about a week. The excretion of oestrogenic substances was 
considerably higher than normal in all the cases, and no de- 
crease could be observed during the bleeding periods. Follow- 
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ing omental implantation the oestrogenic excretion ceased 
and then increased after varying periods of time. Oestrogenic 
excretion also ceased during treatment with prommal, but 
returned to the premedication level a few days after comple- 
tion of the treatment. 

The oestrogenic excretion appears to increase with the 
duration of the disease. 

The excretion of 17-ketosteroids was considerably lower 
than in healthy women. Neither omental implantation nor 
prominal treatment had any effect on this excretion. 

The pathogenesis of metropathia haemorrhagica is discus- 
sed in light of the results of this study. An experimental in- 
vestigation on guinea pigs has been instituted in order to 
discover which structures in the ovary are responsible for the 
increase in oestrogenic excretion. 
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From Drammcn Hospital (Noi-way), Surgical Department 
(Chief: Knud Nicolaysen, M. D.) and Medical Department 
(Chief: Olaf Romckc, M. D.) 

CARCINOMA OF THE PARATHYROID WITH 
HYPERPARATHYROIDISM 

BY 

BJARNK FRETHEIM and HENRIK F. LANGE 

Since the Swedish anatomist Sandstrom in 1880 discovered 
the parathyroid glands many cases of tumour, both benign and 
malignant, in these glands have been reported, for the first 
lime probably by Erdheini in 1903, who found an adenoma 
in a parathyroid. These tumours first acquired practical in- 
terest when Mandl in Vienna in 1925 removed a parathyroid 
adenoma from a patient suffering from hj'pcrparalhyroidism. 
The first important work on primary hyperparathyroidism 
came from Fuller Albright and coworkers in Boston in 1934. 
In 1947 Norris collected 322 cases of parathyroid adenomas 
from the world literature. It may be debatable whether some 
of these tumours ought to be reckoned as hyperplastic or as 
hypertrophic growths. 

Here in Norway the parathyroid adenoma was first de- 
scribed by Frauds Harhitz in 1915, and the first operation for 
hyperparathyroidism due to parathyroid adenoma was per- 
formed by H. Fr. Harhitz in 1936. In 1943 Schrumpf as- 
sembled the 38 cases which up to then had been operated in 
Scandinavia. 

Cancer originating from the parathyroids has extremely 
seldom been reported. In .some of (he reported cases the diag- 


Acta endocrinol. Vol. I. Ilf. 



204 


nosis seems to have been quite uncertain, partly due to lack 
of definite proofs to show that the tumour really was malig- 
nant, partly due to uncertainly whether the malignant tumour 
had its origin in a parathyroid gland. 

Three undouhted cases of primary parathyroid carcinoma 
with hyperparathyroidism are described earlier {Black, 1948, 
Gentile et al., 1941, and il/ei/er ct al., 1939). 

In addition eleven other cases from the literature have 
been found {Alexander ct al, 1944, Burk, 1947, Fasiani, 1923, 
Guy, 1929, Hall & Chaffin, 1940, Price & Moivalt, 1932, Pc- 
tersina, 1937, Quick et al., 1931, Sainton * Millot, 1933, Snell, 
1936, Wellbrook, 1929). In some of these, hyperparathyroidism 
is undoubtedly present, but there seems to be no certain evi- 
dence that the parathyroid tumour found is a genuine car- 
cinoma, while in other cases the tumours seem undoubtedly 
to be carcinomas, but there are no definite signs to show that 
they originate from the parathyroids.') 

In order to establish that a tumour is a malignant growth 
originating from the parathyroid gland it must be demanded 
that the tumour presents indisputable signs of malignancy, 
and not merely uncertain signs observed on histological exa- 
mination. Or, if the malignancy is incontestable, one must 
demand that the tumour can with certainty be said to arise 
from a parathjmoid gland. Here there will be abundant op- 
portunities for errors. In the former case because it will often 
be difficult, on microscopical examination alone, to draw the 
boundary between simple adenoma and »malignant adenoma's. 
In the latter case the differentiation will sometimes be still 
more difficult, if signs of hyperparathyroidism are absent. 
What will be particularly likely to lead to errors is cancer 
originating from aberrant thyroid tissue or from the glomus 
caroticus, or more rarely, cancer metastases from other organs, 
especially hypernephroma metastases, whose histological pic- 

*) In a recent publication Norris has from the Jithe world li- 
tcrature« assembled 15 certain and 3 dubious cases of carcinoma of 
the parathyroids, 7 of whom had hj-perparathyroidism. Most of these 
cases we have described as not quite certain parathyroid carcinomas. 
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ture may be confused with cancer of the paralliyroid gland. 
When to this is added the fact that in case of simultaneous 
metastases of cancer to the skeletal system one may find 
hypercalcemia and increased tendency to formation of renal 
calculi, as well as hypcrcalcuria and increased serum phos- 
phatase, the differentiation may be very difficult. In case of 
metastases to the bones, however, wc do not find hypophos- 
phatemia. Another point of guidance is the tyj^ical postopci a- 
tive reaction seen after removal of a tumoui causing hypei- 
parathyroidism. 

In the Medical and Surgical Departments of Drammcn Ho- 
spital we have seen a case of hyperparathyroidism which 
seems to have been due to cancer of the parathyroid gland. 


CASE RECORD 

The patient was a chauffeur, aged 40, who had been in 
good health until the autumn of 1043. He then began to be 
troubled by pains and stiffness in the joints. It was regarded 
as »rheinnatism« and he was treated with injections of gold. 
This treatment was discontinued in July 1046, as he began to 
suffer from symptoms of dyspepsia. Gradually he became 
weak, got dyspnea and Ids general condition grew worse. 

On 31/10 1946 he was admitted to Drammcn Hosjntal, Me- 
dical Dept., as his doctor had found a swelling in the patient’s 
jugulum, and believed that there e.xislcd cither a malignant 
tumour or a disease of the blood. The immediate impression 
given by the patient was that he was suffering from a ma- 
lignant disease. He seemed very weak and his com])lcxion was 
pale and yellowish. To the right in the jugulum there could 
be felt a tumour hardly as large as a walnut, hard, nodular 
and rather firmly attached to the surroundings. It moved 
slightly when he swallowed. At first sight it was suggestive of 
metastasis from a malignant tumour. 

X-ray examination of thorax, oesophagus and stomach 
showed nonnal conditions. As the feces constantly gave posi- 
tive benzidine reactions. X-ray examination of the colon was 

M* 


ft 



206 


made. As a incidental discovery was found severe bilateral 
nephrocalcinosis. On the basis of this finding there was then 
recorded the typical picture of hyperparathyreoidism, with 
hypercalcemia, hypercalcuria, hypophosphatemia, increased 
phosphatase activity, osteitis fibrosa gencralisata with osteopo- 
rosis in the skull, in the ribs and in the bones of the extrem- 



Fig. 1. 

Section Uu'ongli paradiyroid tumour, firmly rooted in the capsule 

of the thyroid gland. 


ities. In addition was found, as secondary consequence of the 
nephro-calcinosis: isosthenuria, azotemia and acidosis. 

On the diagnosis of parathyroid tumour hemistnimeciomia 
dextr. and exstirpalio tumoris (Nicolaysen) were performed on 
Nov. 28, 1946. The tumour was seated in the lower lateral pole 
of the right thyroid gland. It infiltrated the surrounding 
muscles of the neck, the deep cervical fascia and the capsule 
of the thyroid, and caused lateral displacement of the carotid 
artery. The tumour was removed radically together with the 
right lobe of the thyroid. It was also found necessary to remove 
the recurrent nerve. The left lobe of the thyroid had a quite 
normal appearance end no parathyroid adenoma was found 
therein (Fig. 1). 
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The tumour was the size of a pigeon’s egg, of irregular 
shape and nodular surface and of rather hard consistence, 
without any sharp delimitation. The cut-surface was of 
greyish-while colour, was very firm in some ]>arts and soft, 
almost ramollissent in other parts. At the line of transition 
to the thyroid gland there was seen a 1 to 1 Ve cm. wide zone 
with ochre-yellow areas imbedded in lime. Besides there was 
found a particle of tissue resembling a normal parathyroid. 
The thyroid gland was of normal a])pcarancc. 

The micro.scopical examination (/vrej/berf/) revealed; »Cnr- 



Fig. 2. 
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cinoma, not much differentiated. The picture is quite com- 
pact ible with the assumption of parathyroid origin.<i (Sec 
fig. 2). The small piece of tissue showed: Normal parathyroid 
(See fig. 3). 

In the first few days after the operation the patient was 



Fig. 3. 

Normal parathyroid. (X 100). 


troubled by a sensation of bodily unrest and slight paresthesia 
in hands and feet. The feeling of unrest was at times so great 
that he could hardly sleep, but it disappeared for shorter pe- 
riods. There were signs of latent tetany, which became ma- 
nifest on the 7th day after the operation, with stiffness espe- 
cially in the fingers and around the mouth and with distinctly 
positive Chvostek and Trousseau phenomena. At the same 
time the calcium content in the serum had fallen from 18 mg. 
per cent on the day of operation to 7.5 mg. per cent (fig. 4). 
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During the afternoon the patient was given 100 drops of 
AT 10 per os. The sensation of stiffness gradually subsided 
during the evening, but came on again in the night. On the 
next day he was again given AT 10, as well as calcium lactate, 
and the manifest tetany once more disappeared, while he con- 
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,,„c or discharge rro.n hospUal. The "“''f ; 

the blood sank towards normal value and the all a rose 
rose to the normal figure, while isosthenur.a persisted. On 



Fig. 5. 

Cystic racliolucencics in tlic loft (il)ia and filnila l)cforc tlio operation. 


third day after operation he got symptoms resembling those 
of rheumatic fever, with pains and swelling in both ankles 
and in the right wrist. At the same lime the sedimentation 
rate rose to 120 mm. He was given salicylates and in the course 
of 8 to 10 days the swelling in the joints subsided, but the 
pains persisted all the time he was at the hospital. His voice 
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remained hoarse after the operation, but improved gradually. 
During this time the substitution therapy was readjusted from 
AT 10 to Da-oil and he was discharged on 22/1—1947 with a 
daily dose of 10 drops of Da-oil. 



Fig. 6. 

The radiolucencies in left tibia and fibula have almost disappeared 
one year after the operation. 

The patient has since been to the hospital three times for 
control examination. A steady improvement has been observed. 
The pains in the joints disappeared, his strength increased and 
he resumed his work as chauffeur four months after the ope- 
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ration On his own initiative he ceased taking the D 2 diops in 
July 1947 but the improvement persisted without change. A 
examination in .lannao' 1^8 he presen cd a 
healthy appearance, he fell well and there was no sign of local 
recurrence. Calcium, phosphorus ami phosphalasc content in 
serum were normal, but renal insufticicney persisted, with 



Fig. 7. 

Cystic radioluccncies in tJic cranium before tiic: operation. 

isosthenuria, N.P.N. 86 mg. per cent and alkali reserve 50 voi. 
per cent. While the blood pressure bci’orc iJic operation was 
normal, it was found to he persislcnllj' increased after the 
operation. 

Very remarkable is the improvement noted on radiographic 
examination of the bones (fig. 5, 6, 7 and 8). TJic radiolucenl 
areas in the left tibia and fibula are seen to he con.siderably 
reduced and those in the cranium liavc praclicallj' disappeared. 

The calcifications in llic kidneys, however, persist un- 
changed. 
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DISCUSSION 

We believe that the tumour here described is undoubtedly a 
parathyroid carcinoma accompanied by hyperparathyroidism 
This view is in accordance with the pathologic-anatomical 
findings and with the typical post-operative reaction noted. 
The further course of the illness seems to indicate that, at 



Fig. 8. 

The radioluccncics in Uic cranium have praclicalJy disappeared one 

j'car after the operation. 


any rate up to the present there has come no recurrence or 
metastasis. The normal appearance of the parathyroid gland, 
both macroscopically and microscopically, would not likely 
be found in case of a malignant tumour of an other origin 
accompanied be secondary hyperparathyroidism. 

The renal function has not improved after the operation, 
however, and we can here hardly' count upon any improvement 
in the future either, so that the prognosis in this respect is 
relatively unfavourable. 



A peculiar phenomenon, which perhaps bears some i elation 
to the affection of the kidneys, is the hypertension that seems 
to have developed after the operation. No definitive explanation 
of this circumstance can here be given, but it is quite possible 
that the normality of the blood pressure before the operation 
was only apparent, being a consequence of tbe general hy- 
potension observable in hyperparathyroidism. 

Another circumstance of which we can likewise give no de- 
finite explanation is the occurrence of symptoms of acute 
articular rheumatism. There may possibly have here existed 
an atypical form of rheumatic fever, but it can hardly be 
deemed out of the question that the phenomena may in one 
or other manner he connected with the hyperparaihyrodism. 
At any rate, it is remarkable that they developed together with 
the symptoms of bypcrparathj'rodism and disaj)pcarcd simul- 
taneously with the improvement in that condition. Especiallj' 
remarkable is the acute aggravation of the rbeumalic .symp- 
toms after the operation, with marked rise in S.H., which after- 
wards gradually fell again to the normal. 


SUMMARY 

There is described a case of primary parathyroid carcinoma 
with hyperparathyroidism. One year after radical extirpation 
of the tumour no signs of recurrence or mctastascs were 
noted. 
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From the Biological Laboratory of Meclicinalco Ltd., Copenliagen. 

(Erik .lacobsen, M. D.). 

DEMONSTRATION OF SUBSTANCES 
WITH OESTROGENIC EFFECT IN HUMAN 

SPERM 

BY 

OVE RIISFRLDT 

The chief object of the transfer of sperm to the vagina is 
that of bringing the spermatozoa into contact with the female 
internal genitals, in order that they may impregnate the ova. 
However, the question has been considered whether the sperm 
may also otherwise influence the female organism, more par- 
ticularly whether a resorption may take place from the vagina 
of the' substances contained in the sperm plasma. 

First the possibility suggests itself that the coitus muy elicit 
morphological changes in the female organism. It is a well- 
known fact that in rabbits coitus is attended by ovulation. Yet, 
in these animals ovulation can he brought about also by an 
electric irritant, for instance. 

In the woman there occurs as a rule regular cyclic ovula- 
tion. A few writers, c. g. Bolaffia (1933) and Witlenbeck 
(1930), claim to have observed ovulation in connection with 
coitus. No definite conclusion can be drawn, however, from 
such an observation, because two or more ovulations may 
very well take place within one cycle, so accordingly the pos- 
sibility cannot be excluded that the ovulation observed w'ould 
have occurred also without the attending coitus. 

Things are different where the resorption of substances 
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from the sperm is concerned. It is a fact that resorption may 
take place through the vaginal mucous membrane. Recently 
Goldberger, Walter & Lapid (1947) showed that penicillin can 
be resorbed from the human vagina. 

Green-Armijtage (1943), on the basis of clinical as well as 
experimental observations, claims to have demonstrated chan- 
ges in the female organism which he refers to vaginal resorp- 
tion of hormonal substances present in sperm. His clinical 
material consists of two groups, each comprising 20 married 
women. In group 1 the married life was not started with taking 
of contraceptive measures, while such were taken throughout 
in group 2. The gynaecological examination made at the be- 
ginning of the married life revealed small uteri in the majority 
of the women of both groups. After iV 2 to 7 months of married 
life the uterus was found to have grown to the normal size 
in 9 out of 15 women of group 1, while after 2 years only 5 
women in group 2 presented a normal-sized uterus. This dif- 
ference in the development of the uterus is in Green- Arnnjtage’s 
opinion due to resorption of hormonal substances from the 
sperm in the group where contraception was not applied. 

Green-^Armytage showed that intramuscular injection of 
human sperm into infantile female rats caused cellular and 
glandular hy'perplasia together with marked growth of the 
muscular layer in the uterus. Haemorrhagic follicles were ob- 
served in the ovaries. He believes that the changes are due to 
testosterone, transformed in the female organism to substances 
with oestrogenic effect, or possibly to a stimulation of the 
pituitary gland. 

Bacsich, Sharman, & Wyburn (1945) tried to test the re- 
sults of these experiments. They treated 3 out of 6 infantile 
rats by subcutaneous injections of 0.5 ml of sperm every other 
day for 14 days, without, however, observing any changes in 
the uterus. Similar experiments were made with rabbits and 
guinea-pigs. The rabbits presented no changes, whereas the 
guinea-pigs showed a slight increase of the size of the uterus, 
but no definite growth of the endometrium, nor signs of pro- 
liferative changes. 
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Uchigaki (1029), on the other hand, found thaj. injection 
of human sperm into mice was capable of making 75 per cent 
sterile in the course of from 1 to 2 months. Histological exami- 
nation revealed atrophy of the follicles and fatty degeneration 
of the uterine mucous membrane. 


OWN INVESTIGATIONS 

Infantile castrated and young non-castrated female rats 
were applied for the experiments. 

The sperm, derived from fertile as well as non-fertilc men, 
was obtained by masturbation, collected in sterile glasses, and 
stored in refrigerator till it was to he used. 

The sperm was in all experiments injected subcutaneously, 
without having been submitted to treatment of any kind. 
Neither had it been diluted. 

In a few cases several sperm samples could be obtained 
from the same man. Accordingly a few of the rats could he 
given sperm from one person during the entire experimental 
period, whereas the majority had to be given a mixture of 
sperm samples from different men. 

No local reaction, as for instance necrosis, was observed 
here, unlike what was the case in a few experiments made 
with the object of studying the contents of oestrogenic sub- 
stance in equine sperm. 

A number of the animals died some lime, shorter or longer, 
after the commencement of the injections. This seems to ac- 
cord with Oslund\ (192«) observation of a certain toxicity 
in connection with the sperm injections. It appeared, however, 
that the rats into whom sperm from one man had been injected 
through the entire experimental period did not die, whereas 

those given sperm collected from different men died in a large 
number. 

1. Sperm injected into infantile, castrated, female rats. In 
this expenmenlal scries eacli rat was given sperm from one 
man during the entire experiment. A total of 9 rats were aji- 

Acta endocrinol. Vol. 1. Ill 


15 



220 


plied, of which 3 served as controls. 6 were given injections 
of 0.2 ml of sperm daily. Vaginal smears were taken every 
day as soon as the vagina had opened. After 19 days all 6 rats 
responded by an oestrous phase in the vaginal smears. The 
following day the animals were killed and dissected. There 
was found a marked increase in the size of the uterus. Micro- 
scopy of this organ showed the mucous membrane to he in 
the phase of proliferation, while a few glands proved to have 
increased in size, containing more secretion; but the number 
of glands had not increased in proportion to that in the con- 
trol animals. Moreover, there was found a far richer vascu- 
larisation than in the controls. 

2. Sperm collected from different men and injected into 
infantile, castrated, female rats. 0.25 ml of sperm was in- 
jected twice daily into 10 rats. 5 of the animals died already 
after 3 days, without changes being demonstrable. The re- 
maining 5 were given injections for 21 days. After 2 days the 
vagina had opened so much that vaginal smears could be 
taken. An oestrous phase was never demonstrated. Microscopy 
of the uterus revealed no differences from the conditions in the 
controls. 

3. Sperm injected into young female rats. 14 animals were 
applied, which were 40 days old at the beginning of the experi- 
mental period. 10 of them had 0.2 ml of sperm injected daily 
for 23 days, after which the vaginal smears showed an oestrous 
phase in 5. Dissection revealed haemorrhagic follicles in the 
ovaries, as well as a marked increase in the size of the uterus. 
The histological changes were analogous to those described in 
experiment 1 . The 4 controls presented no similar changes. 


DISCUSSION 

According to the above experiments there is no doubt that 
sperm injected into castrated, female rats is capable in certain 
cases of eliciting changes in vagina and uterus similar to 
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those brought about by treatment with oestrogenic hormone. 
Likewise it appears thai sperm contains substances capable of 
producing haemorrhagic follicles in the ovaries. It cannot be 
made out from the above experiments whether this latter effect 
passes by the pituitary body or whether the sperm contains a 
substance with a gonadotrophic effect. The toxicity of the 
sperm seems attributable to its contents of proteins. 


SUMMARY 

It is shown that subcutaneous injection of human sperm 
into castrated, female rats is capable of bringing about oestrus 
in some of these. Haemorrhagic follicles can be produced in the 
ovaries by injection of sperm into young female rats. 
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F]-om the Endocrine Department of the Medical Clinic, 
Serafimerlasarettet, Stockholm. 

(R. Luft, M. D.). 

HYPERTENSION PRODUCED WITH 
DESOXYCORTICOSTERONE ACETATE AND 
SODIUM CHLORIDE IN A CASE OF 
POSTURAL HYPOTENSION 

BY 

ROLF LUFT, GUxVNAR SANTESSON and B.IORN SJOGREN 

In clinical experiments it has been shown by Perera dc 
Blood (1947) that DCA (desoxycorticosterone acetate), poten- 
tiated by sodium chloride elicits an increase of the original 
blood pressure in cases of essential hypertension. This increase 
develops in 2 — 3 days. In healthy normotensive individuals 
the blood pressure remains normal or may show a moderate 
rise after 2 — 3 weeks of treatment. 

The mode of action of DCA in this respect has not yet 
been fully explained. Perera et al. (1944, 1947) could not find 
any direct relation between the electrolytic changes and the 
increase of plasma volume to the increase of blood pressure 
after administration of DCA. The changes mentioned were of 
the same magnitude in the normotensive as well as hyper- 
tensive subjects in spite of the fact that only the hypertensives 
reacted with a further blood pressure increase. 

It is a well established fact that the low blood pressure in 
adrenal insufficiency is normalized by DCA and sodium 
chloride {Perera et al., 1944). This form of treatment has been 
tried by Gregory (1945) in a case of »orthostatic hypotension«. 
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A favourable effect on blood pressure and ortlioslalic symp- 
toms was obtained. The information given in the article is in- 
complete and does not elucidate, if the diagnosis of the case 
reported was postural hypotension or arterial orthostatic 

anemia, e nr \ 

The aim of the present work is to show the effect of DCA 

and sodium chloride in a case of postural hypotension. 

In postural hypotension the vegetative blood pressure re- 
gulating mechanism is impaired due to a lesion in the nervous 
system {Ellis & Haynes, 1936, and Stead & Ebert, 1941). When 
changing from recumbency to an erect position the circulatory 
changes induced by the hydrostatic force are not compensated 
for as normally by the sympathetic nervous system. Normally 
the result of this compensatory mechanism is maintenance or 
increase of the diastolic pressure and acceleration of the pulse 
rate. In postural hypotension standing up leads to a momen- 
tary fall of both systolic and diastolic pressure. The pulse rale 
is unchanged or only sliglhly accelerated. This »bypodynamic 
regulatory dislurbance« may occur after exlcnsivc sympa- 
thectomy (Mac Lean & Allen, 1940), — operation acc. to Peel 
and Smiihwick — , in neurological disorders as tabes dorsalis, 
syringo- and bcmatoinyclia {Ellis & Haynes, 1936), where the 
sympathetic reflex chain is broken. The symptom complex 
first described by Bradbury & Eggleston (1925) as a clinical 
entity, also shows other characteristic signs: disturbance of 
perspiration, a low BMR, impotcncy, nycturia and gastro- 
intestinal symptoms. In typical cases the disease has developed 
duiing several years. It is likely that the central disorder in 
such cases of postural hypotension is a lesion in the dien- 
cephalon {Ellis & Haynes, 1936, and Stead cC Ebert, 1941 ). It is 
important in this connection to differentiate postural hypo- 
tension from the more common so called arterial orthoslalic 
anemia, the »hypotonic regulatory disturbancc«. In the latter 
the sympathetic reflex mechanism is functioning normally; no 
disease of the central nervoms system can he proved. When 
changing from recumbency to an erect position the diastolic 
pressure is increased and the heart rale accelerated. 
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CASE REPORT 

(No. 234—47. W. E.) Unmarried man, 47 years old. Attack of 
polyarthritis 1913. Then healthy till 1938, when he began to feel 
tired and had seizures of dizziness, most pronounced in the mor- 
nings and on warm days. The symptoms got worse. Libido decreased, 
and during the last few years he has been completely impotent. The 
ability to perspire disappeared. Xo favourable effect was obtained 
with sedatives, liver- and iron preparations. 

When entering hospital 1946 he continously felt very tired. Fainted 
now and then and thereby got hurt several limes. At examination 
he was found to be a pale, tall and slender man. Body length 176 cm, 
weight 57 kg. Could not keep an erect posture without fainting. No 
abnormal pigmentations on skin or mucous membranes. No cardie 
incompensation. Neurological examination with normal findings. No 
reaction to carotis pressure. Secondary sex characters normally deve- 
loped. 

Hemoglobine 70 %, red cells 3,4 mill., white cells 5000. Differential 
count normal. No albuminuria or glycosuria, sediment normal. WaR 
in blood and liquor negative. BMR + 1 %, 17-ketostcroids in urine 
normal. COa-combining power 67 volume %. Erythrocyte diameter 
8.04 }t. Takata neg. In serum: bilirubin 0.5 mg %, alkaline phospha- 
tase 6 Bodansky units, potassium 20 mg %, sodium 330 mg %, cal- 
cium 9.4 mg %, inorganic phosphorus 3.9 mg %, iron 100 y/ml. 

Water test (acc. to Volhard-Strauss, 1000 ml.): 700 ml excreted 
during the first 4 hours, dilution to sp.gr, 1.005, concentration to 
1.023. Inulin clearance 99 ml/min. Diodrast clearance 390 ml/niin. 
Galactose tolerance test: 0.4 g excreted in 4 hours. Sternal puncture: 
normal marrow. 

X-ray examinations of heart, lungs, abdomen (no adrenal calci- 
fications), stomach, intestines, skull, all with normal findings. ECG 
at rest normal, in erect posture normal with no pulse acceleration, 
and no changes as those seen in orthostatic anemia. 

Blood Pressurn. Morning blood pressure, fasting, systolic 90—120. 
diastolic 50 — 70 mm Hg, in erect posture .systolic 50—60 mm Hg, dia- 
stolic not measurable. After Gynergcn 0.5 mg subcut. 175/125, in 
erect posture 100/60 mm Hg. This ri.se was also obtained with adre- 
naline and ephedrinc, the postural reaction still i-emaining but not 
as pronounced. 

Fig. 1 shows an orthostatic test performed with the patient. At 
sudden transition from lying to erect posture the systolic as well as 
diastolic pressure instantly declines. The pulse rate is unchanged. 
The patient feels dizz}'" and faints, without showing perspiration. 

If the patient was put on a tilting table the same changes weio 
obtained in slight ))head-up« position, while »head-down« position 
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In this case the diagnosis postural hypotension was quite 
evident and corresponded in all details with the description 
given by Bradbury & Eggleston (1925), There was a slow 
progress of symptoms. No signs of adrenal cortical insuffi- 
ciency: no pigmentations, no adynamia, no gastro-intestinal 
changes, normal electrolytic balance, almost normal water 
test, and a duration of the disease of 9 years. The Cutler test 
was negative. Postural hypotension is not typical in Addison’s 
disease despite of contradictory statements in literature ('Sjo- 
gren, 1947). Arterial orthostatic anemia was ruled out with all 
evidence. We want to emphasize the normal ECG-findings 
{Ewert, 1938) and the reaction to Gynergen. In postural hy- 
potension Gynergen gives relief of symptoms, in orthostatic 
anemia deterioration with more pronounced symptoms. 

Methods. Tlie liatient was not allou'ed to get out of bed until the 
blood pressure Avas determined early in the morning. Blood pressure 
was checked for several months before treatment. Fluid intake and 
urine as well as chlorides in urine were measured daily. Hemoglo- 
bine, red blood cells and hematocrite value were determined three 
times a week. Plasma and blood volumes were determined with 
Evans’ Blue accoi’ding to Gibsoii S Evans (1937). Inulin and diodrast 
clearance were determined after end of treatment. During the ex- 
periment the patient was put on a »salt-free« hospital diet con- 
taining about 3 g NaCl daily. 

Effect of treatment (fig. 2). DCA was administered with 
20 mg daily for 53 days. During the first 35 days NaCl was 
given simultaneously. 

Before DCA- and sodium chloride treatment was started, 
the patient had a comparatively loxv systolic as well as dia- 
stolic blood pressure and shoAved pronounced, typical postural 
phenomena. Fluid intake and urine volumes corresponded to 
each other. The excretion of chlorides was definitely^ low (diet 
containing about 3 g NaCl). 

When DCA- and sodium chloride treatment was started, 
an immediate and rapid increase of the systolic as well as 
diastolic pressure followed. At the same time the hematocrite 
values, hemoglobine and red blood cells decreased. The urine 
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volumes also decreased greatly, in spile of J 

escrelion The poslural mode of reaction was n, spile of the 
biood pressure increase unchanged But when the lilood p,.s- 
sure level was greally increased, the palienl felt 



Effect of DCA iijul sodium cliinvirle in a case of postural hupntcnsion. 


recovered, could stand uprighl and move ahoul (see fit'. 1). 
Before Irealment llie palienl was c(>inj)lelcly unable lo work. 
After administration of DCA for some lime, the ])alienl con- 
sidered himself well enough lo begin working. 

In ],'3— 20 days after starling DCA- and NaCI-lrealmcnl 
the hcmatocrilc, hcmoglobinc and red blood cells attained 
Iheir lowest values, which then increased again. In spile of 
this the blood pressure continued to rise and reached a max- 
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imum pressure of about 175/110 mm Hg after 35—40 days 
Fluid intake and urine volumes were then approximately equal 
again. 

When DCA-administration 53 days after the beginning of 
the experiment was interrupted, the blood pressure rapidly 
decreased to the original level. At the same time the state of 
the patient grew worse. 

The blood volume, measured 49 days after the beginning 
of DCA-treatment, was 5230 ml. On the 22nd day after inter- 
ruption of DCA-treatment, it was 4350 ml, consequently a de- 
crease of 880 ml or 17 per cent. Inulin clearance showed a 
glomerulus filtration of 99 ml/min., renal plasma flow was 
390 ml/min. 


DISCUSSION 

A rapid rise of blood pressure after administering DCA and 
sodium chloride has earlier only been demonstrated by Perem 
& Blood (1947) in cases of essential hypertension. In our case 
the same effect has been achieved in postural hypotension. 

In our case DCA had a therapeutical effect, yet without 
being able to affect the postural mode of reaction. It is there- 
fore possible, that the exclusion of the sympathetic regulating 
mechanism, which causes inability to compensate for hydro- 
static blood changes when the patient rises to his feet, also 
played a part in the rise of blood pressure in this case. 

In this special case, there ^are other factors, which may 
have been of importance for the blood pressure increase after 
DCA-administration. Diodrast clearance showed a definitely 
lo%v renal blood flo-w. There wmre, howmver, no other clinical 
signs of present or previous kidney disease. 

During part of the observation time the patient went 
through an acute hepatitis. It is well knowm, that lesions of 
the liver cells cause changes in fluid balance in the form of 
an increase of the amount of extracellular fluid and conse- 
quently the blood volume {Lebry & Hoagland, 1947). By pro- 
ducing greater increase in the blood volume a lesion of the 
liver cells might affect the blood pressure during the DCA- 
treatment. 
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By administration of DCA and sodium chloride we have in 
our case produced a significant blood pressure increase At 
the same time a pronounced decrease of the hcmalocrilc value, 
the red blood cells and the hemoglobin was obtained indicating 
an increase in plasma volume. Pcrcra ct al. (1944, 1947), how- 
ever, deny that a change in the blood volume could cause 
the blood pressure increase (in hypertensive patients). In our 
case, therefore, three factors arc present, the importance of 
which for the rise of blood pressure produced, for the time 
being cannot be decided: the defective sympalhclic regulating 
mechanism, the lesion of the liver cells and the impaired renal 
blood flow. 


SUiMMARY 

A case of postural hypotension is described, where the dif- 
ferential diagnosis to arterial ortbostalic anemia is emphasized. 
Administration of dcsoxycorticoslcronc acelalc (DCA) jiolcn- 
tiated by sodium chloride provoked a marked and .significant 
increase of blood pressure and an increased jilasma volume. 
The case was complicated by an infecliou.s liepalitis during 
the treatment. The diodrast clearance .showed a .significantly 
low value. The role of the impaired sympatlielic blood pressure 
regulation, the liver disea.se and the low renal blood flow for 
the blood pressure increase is discussed. 

Desoxycorlicoslcrone acetate together with sodium chloride 
had a marked therapeutic effect in this case. 
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From the Female Department of St. Hans Hospital, Roskilde, 
and the Neurological Department of Frederiksberg Hospital ' 

Copenhagen. 

THE SIGNIFICANCE OF HORMONAL 
DISTURBANCES FOR THE DEVELOPMENT OF 
MENTAL DISEASES*) 

(A REVIEW) 

BY 

A. LETH PEDERSEN 

The subject of my address is so comprehensive that I can- 
not give a proper survey of the conditions within the limited 
time at my disposal. I shall therefore confine myself to mention 
some of the most important features and concentrate especially 
on features in which I myself have taken particular interest. 

The neuro-hormonal correlation is very complex, there 
being a close relationship between the psychic functions, the 
function of the pituitary-hypothalamic system, and those of 
the subordinate endocrine glands. These different functions 
influence each other, so that the least disturbance of one of 
them will almost inevitable lead to a vicious circle. 

It is a well-known fact that purely psychic functions, e. g. 
emotion, may give rise to endocrine disturbances. Best known 
is the occurrence of amenorrhea or other menstrual disturb- 
ances with various psychic insults and mental diseases. Fur- 
thermore, recovery from a psychosis or other mental affection 
is often seen to be attented by a return to normal hormonal 
conditions. 

*) Address at the meeting of the Danish Society for Psychiatry 
in St. Hans Hospital, June 9, 1948. 
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It is, therefore, no wonder that many endocrine lesions are 
associated with pronounced mental symptoms. The physio- 
pathological conditions arc not yet quite clear, but prcsumablj’ 
there occurs first a disturbance of the general metabolic pro- 
cesses of the brain, which is then followed by development of 
a physiopalhological activitj'. Possibly the brain acts as a re- 
servoir for certain hormones {Reiss, 1944). 

The endocrine diseases causing mental symptoms are chief- 
ly those occurring in pituitary(-hypolha!amus), gonads, and 
thyroid, 

ith legard to the pitiiitarij lesions Ihcrc is reason to re- 
mark that the pituitary body is so intimniely connected with 
the hypothalamus, both ncuro-anatomically and physiologic- 
ally that they constitute a functional entity. The hypothalamus 

IS, lowever, supposed to possess an independent sccrelorv ac- 
tivity as well. 


Mental aymploms arc not a common occnn-cncc in con- 
di ions due to hypcrtunclion ot U.c pil„i|„r,v bodv (hvpcr- 
pituitansm). Tn conditions duo to piluilarv Iivpofnnclion' (liy. 

uiiarisin) on ,„c olhei- band, sncl. svmpioms r'l 
I enl parlicuiariy so in adiposo-genilal dysli-opliv This con 
ton being prohnbiy duo oiiiefly l„ lo.sio,, i„ h.y„„ma|".‘ 
US, it is reasonable to iircsume fhii u * u i 
wliici. is rcsponsihie for 'he inom' l y ‘ 1 l■.V|>"ll.al,lnnls 
with pituitary lesions. * ' ”Plunis in association 

■-i- wi„i ,,y, 
pituila,.y.hypo„,„|„„,.^ lo's'ions (/cl/r™'r‘ 

'■''-o to haye ascertained 0^1™^; !- “^^ 

the forms ofi I) i„c,.easetf irrit-iiiin T"'"' *" 

emotionally „„siahlc and hot lem i lioing 

“eiatesi 2) emotional inslabiii, , as- 

' and a tendei^/^rC spinfs::";^: 



centricity, the patients being self-pitying, preoccupied about 
themselves and their disease, inert and despairing, sluggish 
self-willed, and hard to please. In my material these symp- 
toms were observed partly in patients with different forms of 
hypopituitarism, and partly in young women with a characte- 
ristic clinical picture, presumably caused by a hypothalamic 
insufficiency. This picture corresponds exactly to that des- 
cribed by Bartels & Hjorth (1947) and designated by them as 
hypogonadism. The disease occurs exclusively in w'omen with- 
in the foi’iner half of the sexually mature age, and it mani- 
fests itself by gain in wmight and the development of a charac- 
teristic »healthy, flourishing« appearance. The basal metabolic 
rate is low% the menses scanty, the libido decreases, and the 
patients develop the mental symptoms just mentioned, gene- 
rally attended by tiredness, headache, and different vasomotor 
disturbances. 

Lesions of the gonads are far more frequent among women 
than among men. I shall here concentrate on the conditions in 
women. 

It is a well-known fact that mental symptoms are of fre- 
quent occurrence at the menopause, w'hen a gradual involution 
of the ovaries takes place. Tlrere seems to be no doubt that 
these mental symptoms, characterized particularly by emo- 
tional instability and increased irritability, are released by the 
ovarian insufficiency, but wm are not quite clear as to the 
physiopathological conditions. 

Emotional disturbances are seen also during menses, in the 
form of dysphoria or the like, the cause of which is not evident 
either. The possibility has been suggested of a connection with 
disturbance of the water metabolism due to an increased pro- 
duction of steroids {flemphill, 1944). Similar mental disturb- 
ances may be met with during pregnancy and puerperium. 

»Menopausal« symptoms are more pronounced in Avomen 
after castration, whether by X-rays or operation. I have per- 
sonally (Leth Pedersen, 1944) examined over 50 women (ob- 
servation periods up to 20 years) after removal of both ovaries 



at Iho sexually mature age (from the menarchc till the age 
0(40). All these xvomen had hot flushes and also mental sjunp- 

toms of some kind or other. i x 

The mental symptoms occurring were as follows: 1) dis- 
quiet and restlessness. 2) increased irrilabiUly with cinolional 
instability and irascibility. These 2 groups of sy.njUoins were 
present in well over half of the examined women. 8) change 
of mood in the direction of instability and a tendency to low 
spirits, likewise found in w’cll over half of the women. 4) im- 
paired memory and failing power of concentration, occuriing 
in ah. 50 per cent, 5) fils of palpitation, dyspnoea, and anxiety, 
likewise ascertained in ah. 50 per cent. In consequence of these 
symptoms the ability to w'ork was more or less reduced in a 
scant 50 per cent of the examined %Yomen. The menial .symp- 
toms were found to be most conspicuous in the patients with 
the most pronounced hot flushes, a symplom which, in iny 
opinion, may to a certain extent be taken as a measure for tlic 
degree of ovarian insufficiency. I, therefore, believe Die ovarian 
insufficiency to he the cause also of the menial symploms. This 
view is supported by the fact that the mental symplom.s im- 
prove in all cases after large doses of ocslrogcn and are likely 
to disappear entirely if only oestrogen is administered in .suf- 
ficient doses. 

Nearly all the female caslralcs whom 1 Iiave examined made 
an energetic and diligent impression, and rather minimi'/.cd 
their symptoms, being by no means egocentric, inerl. self- 
pitying, despairing, or preoccupied about themselves and Iheir 
disease. They differ hy this feature and by their restlessness 
from the women with hypothalamic inmifficiency. in mv 
opinion the twm different conditions of Iionnonal insufficicnev 
are attended hy distinct and characlcrisUc mental piclurcs. * 
Mental symptoms are conspicuous also in association with 
tyrotd lesions, presumably because of the effect of these 
lesions on (he liypolhulMnns. Thus, in Ihc case of hyj.orlhy- 

tioMl inshbilT •'^5’"’l»‘>''l'colonia willi emo- 

inslolnhiy and increased irritahiliiy WUj, 



whereas hypothyroidism is attended with a reduced sympa- 
thetic tone with slow reactions and little affectivity. 

Adrenal lesions are not attended by constant or characte- 
ristic mental symptoms. But attention has for many years been 
focussed on the adrenals as the possible centre for the patho- 
genesis of schizophrenia and certain neuroses, especially neu- 
rasthenia, probably because these cases somatically resemble 
the cases with adrenal insufficiency. 

It is a fact that there is found a greater proportion of men- 
tal cases among dyscrinous patients (notably among those 
with lesions of pituitary body and ovaries) than among pa- 
tients without endocrine diseases. Hence there must be a cer- 
tain relationship between dyscrinism and mental diseases, par- 
ticularly schizophrenia. However, no psychosis has so far been 
established to have a purely endocrine aetiology (Hemphill, 
1944). 

As regards schizophrenia, nothing certain is known as yet 
of the pathogenetic importance of the adrenals. The facts that 
schizophrenic women are far more often affected with hyper- 
trichosis than normal women {Smith, 1344, Lohse & Bjarn- 
hjedinsson, 1945), and that the adrenal cortex is of importance 
for hypertrichosis in women, have prompted me to study the 
17-ketosteroid excretion in 64 women, comprising both schizo- 
phrenics and mentally normal {Leth Pedersen, 1947). Within 
both groups those with hypertrichosis as well as those \Yith 
normal hairiness were examined. I thereby found a tendency 
to increased 17-ketosteroid excretion (and therefore probably 
to increased 17-ketosteroid production) in the hypertrichotic 
women, but independent of whether they suffered from schizo- 
phrenia or were mentally normal. Furthermore, there was 
found no increase in the 17-kelosteroid excretion in schizo- 
phrenic women with normal hairiness. Thus, the 17-ketoste- 
roid production as such is hardly likely to play any part in the 
pathogenesis of schizophrenia. This does not preclude, how- 
ever, that other functions of the adrenal cortex may be of 
pathogenetic importance. 
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Formerly lesions of the female sexual glands were supposed 
to be associated with specific psychosis. Menopausal psychoses, 
for instance, have been described, in particular the »involution 
melancholia« and paranoid mental diseases. However, it seems 
now to have been proved that specific menopausal psychoses 
do not exist. At the menopause there is found an increased 
psychic vulnerability and consequently increased moibidity 
with regard to the commonly known psychoses; and the meno- 
pause may to some extent mark these psychoses, particularly 
in the forms of anxiety or sexual colouring {Dickmeiss, 1940). 
The same is the case with regard to female castrates. Here, loo, 
troubling menial symptoms are, as already mentioned, of fre- 
quent occurrence, but there is found no specific castration 
psychosis. Similar conditions assert themselves during the 
puerperium. Thus, there arc hardly found specific puerperal 
or lactational psychoses, but during these periods there is in- 
creased morbidity with regard to the commonly known psy- 
choses, presumably due to hormonal disturbances, possibly in 
connection with toxic influences. 

It has been demonstrated both clinically and experimentally 
that the hypothalamus is of particular importance for the emo- 
tional life. Hence the invesligalions made \vilhin recent years 
into the aetiology and pathogenesis of the manic depressive 
psychoses have been concentrated particularly on the hypo- 
thalamus. However, we have not yet been able to prove that 
the manic depressive psychosis is released from a lesion or 
a dysfunction of the hypothalamus. An interesting observation 
is that of a relationship between thyroid lesions and manic de- 
pressive psychosis, which is suggestive of a common (probably 

hypothalamic) cause of the two diseases {Osienfcid, 1944 and 
1947). 

Another point of importance for llie study of the hypo- 
thalamus and its significance Avilhin psychiatry is that of the 
pathogenesis of hijsteria. I have mentioned that in patients 
with pituitary-hypothalamic insufficiency I have found mental 
changes manifesting themselves particularly as increased irri- 
tability, emotional instability, and egocenlricity, symptoms 
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which, when occurring jointly make these patients seem »hv. 
sterical«. I have observed similar mental symptoms, but 
coming on in fits, in other patients, who had psychomotor at- 
tacks as well {Leth Pedersen, 1948). These attacks ^Yere 
diagnosed as hysterical in neuropsychiatric departments; but 
encephalography revealed here cerebral atrophy of the ventri- 
cular type. In all these cases I find it reasonable to presume 
that the mental symptoms were due to lesion of the vegetative 
(or hormonal?) centres of the hypothalamus. 

It is a well-known fact that hysterical symptoms may occur 
after organic cerebral lesions (among others encephalitis and 
cranial traumas). Moreover, it does not seem unlikely that 
the function of the vegetative centres in the diencephalon may 
be damaged with development of hysterical symptoms or other 
neuroses, as suggested among others by von Monakow in his 
so-called plexus-theory. Von Monakow states here that the 
bloodliquor barrier may fail because of functional influences, 
such as strong emotions and the like, by which the central ner- 
vous system is exposed to toxic influences, against which it is 
commonly protected. Even though the release of the hysterical 
reaction is mentally conditioned, there can hardly be any 
doubt that there is an underlying somatic predisposition, pre- 
sumably a hypersensitiveness of the hypothalamic centres 
{Brim, 1946). This somatic predisposition is probably acquired 
in the majority of the cases. 


SUMMARY 

A brief survey is given of the occurrence of mental symp- 
toms in association with endocrine lesions. The possibility is 
suggested of an endocrine aetiology of certain mental diseases, 
notably those with emotional instability and hysterical symp- 
toms. 

The author gives an account of own studies concerning pa- 
tients with lesions in or about the hypothalamus and women 
castrated by operation. Rather characteristic mental symptoms 
have been found in both groups of patients, particularly with- 
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in the field of emotion, with symptoms of emotional instability 
aiid increased irritability, but not identical in the two groups. 
Thus the patients with hypothalamic lesion are characterized 
besides by a marked egocentricity, they being self-centred and 
hard to please, inert and despairing, whereas the female ca- 
strates by no means are self-centred, desi)airing or inert, but 
restless and rather minimizing their symptoms. 
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From the Department of Women’s Diseases, 
Karolinska Sjukliuset, Stockholm. 

(Professor A. Westman, M. D.) 

THE URINARY EXCRETION OF 
17-KETOSTEROIDS IN WOMEN DETERMINED 
BY THE ZIMMERMANN REACTION*) 

BY 

MIRJAM FURUHJELM 

A number of methods of determining the content of 17- 
ketosteroids in the urine are in use at present. For some years 
I have been using the Zimmermann reaction somewhat modi- 
fied (Furuhjelm, 1940). This method is very simple and is 
Nvell suited for routine examinations. A large series of healthy 
women have been investigated, which seems to be worth 
publishing, due to the fact, that continual determinations were 
made during the whole ovarian cycle. A certain insight into 
the question whether there are cyclic variations in the ex- 
cretion of 17-ketosteroids in women have therefore been 
gained. 

Most workers report that the excretion of 17-ketosteroids 
does not show cyclic variations. Hiilsmann (1946) considers 
that it varies parallel with the excretion of oestrogenic sub- 
stances and gonadotrophin. Pincus (1943) showed that the ex- 
cretion decreases and is more constant during the sleep. The 


*) This investigation has been carried out with the support of 
Stiftelsen Tlierese och Johan Anderssons Minne, Stockholm, for 
which I beg to offer my sincere thanks. 
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levels for Ihe urinary excretion of 17-ketosteroids in women 
in the fertile age varies from 5 to 15 mg. per 24 hours [Fraser, 
Forbes, Albright, Sulkowiich & Reifenstein, 1941), 2 to 15 mg. 
[Callow, Callow & Emmens, 1938), 3.8 — 16.9 mg. [Forbes, Do- 
naldsson, Reifenstein & Albright, 1947), 9 mg. [Salter, Cohen 
& Sappington, 1946) and 5 to 18 mg, [Pincus, 1943). 

In gynecology the determination of the urinary 17-keto- 
steroids is of greatest imiiortance in cases of masculinizalion, 
virilism and hirsutism. The presence of these symptoms com- 
pels us to differentiate between Cushing’s syndrome, ovarian 
tumor and adrenogenital syndrome. A constitutional abnormal 
growth of hair not caused by any of these conditions is also 
frequently encountered. In those cases the origin of this symp- 
tom is obscure; exploratory laparotomy reveals no masculini- 
zing ovarian tumor or gross adrenal lesion. 

An increase of the urinary -output of 17-kctosteroids is 
found primarily in carcinoma of the adrenal cortex and in 
hyperplasia of the adrenal cortex. Large quantities of 17- 
ketostcroids are often found in these cases [Dobriner, 1942, 
Talbot & Butler, 1942, and others). Virilism is accompanied by 
varying levels, usually within the normal range and only in 
the presence of pronounced symptoms of virility do they show 
an increase. In Cushing’s syndrome one finds both normal and 
increased levels [Hamblen, Cuijlcr & Baptist, 1941, Talbot & 
Butler, 1942, and others). 

I have determined the content of 17-keloslcroids in 29 
women with more or less pronounced virile trails and in 6 
patients suffering from Gushing’s syndrome. 

MATERIAL AND TECHNIQUE 
1. Healthy women. 

The 17-kclosteroid excretion in the urine was determined 
m 19 healthy women. The age of the subjects varied between 
20 and 40 years (7 subjects: 21 to 25 years; 5: 26 to 30 years; 

: 31 to 35 years; 2: 36 to 40 years). Eighteen of ihe women 
were exammed for one ovarian cycle, during which they sup- 
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plied us with their total urinary output. The nineteenth ^vas 
studied in the same way for four consecutive cycles. Each 
determination of 17-ketosteroids was made on the iirinarv 
output for 48 hours, i. e. 14 determinations in a 28 days cycle 


Mg./24 hrs. 



Days in cycle. 

Fig. '/. 

The urinary excretion of 17-ketosteroids in 19 healthy women during 

one menstrual cycle. 

15 in a 30 days cycle, etc. The levels are given in milligrams 
per 24 hours. 

The excretion of 17-ketosteroids varies from day to day. 
At its lowest it is about 1 mg. and at its highest 16 mg. (Fig. 
1 ). 

Most of the levels (170 of 297) are between 4 and 8 mg. 
per 24 hours. The excretion shows no definite cyclic variation 
corresponding to the ovarian cycle. However, a tendency to- 
ward a decrease in excretion during menstruation and to an 
increase during the secretory phase can be detected. 
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Table i. 


a o 
u c 



17-ke(os{erokls 
in mg./2-l hrs. 


Notes 


1. 18 0 4, 4.4, 6.5, Operated on for corpus luteum 

12.0, 2.4, 2.6, cyst. Ovaries otherwise normal. 

2.0 Right adrenal gland felt to be 

slightly enlarged and was remo- 
ved. It showed no definite hi- 
stologic changes. 

- 22 0 5.1 Exploratory laparotomy: Ovaries 

normal. 


3. 

26 

1 

6.5 


4. 

26 

0 

7.5 

Exploratory laparotomy; Ovaries 
showed cystic degeneration. Pal- 
pation revealed the adrenal 
glands to be of normal size. 

5. 

27 

0 

12.5 

Very obese. 

6. 

27 

0 

0.2 


7. 

30 

1 

4.1 


8. 

SO 

0 

4.8 

Exploratory laparotomy: Ovaries 
normal. The adrenal glands see- 
med normal upon palpation. 

9. 

32 

0 

16.0 


10. 

32 

0 

6.5 


11. 

32 

0 

1.9 

Exploratory laparotomy; Ovaries 
normal. 

12. 

35 

2 

3.5, 5.1 

Exploratory laparotomy: Ovaries 
normal. The adrenal glands see- 

13. 

36 

1 

9 S 

med normal upon palpation 

14. 

37 

6 

7.4, 7.4 

Exploratory laparotomy: Ovaries 
normal. The adrenal glands see- 

15. 

37 

0 

5.2 

med normal on palpation. 
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Table 2. 


Case 

no. 

Arc 

years 

Para 

1 17-ke(osteroids 
in mg. /24 hr.s. 

Notes 

16. 

18 

0 

10.0 

Exploratory laparotomy: Ovaries 
normal. The adrenal glands 
seemed normal on palpation. 

17. 

21 

0 

15.0 hefoi-e and Ovaries noi'mal. On e.vploratory 
6.6 2 months after laparotomy left adrenal gland 
coagulation of was felt to be enlarged, for which 
left adrenal reason it was electrocoagulated 
gland. at a later operation. 

18. 

20 

0 

9.0 

Exploratory laparotomy: Ovaries 
normal. Palpation revealed adre- 
nal glands to be normal. Normal 
parturition 2 years later. 

19. 


0 

8.7 


20. 

26 

0 

13.6 

Exploratory laparotomy: Ovaries 
normal. The adrenal glands 
seemed normal on palpation. 

21. 

26 

1 

9.1 


22. 

32 

0 

5.1 

Adiposity. 

23. 

38 

0 

7.6 

Exploratory laparotomy: Folli- 
cular cysts in both ovaries. Pal- 
pation revealed adrenal glands 
to be normal. 

24. 

38 

0 

5.0 


25. 

20 

0 

13.0 

Amenorrhea. 

26. 

23 

0 

10.0 

Amenorrhea. Exploratory laparo- 
tomy; Follicular cysts in both 
ovaries. Palpation revealed adre- 
nal glands to be normal. 

Urinaiy excretion 

of 17-ketosteroids in 11 women with pronounced 


virile hair growth and hypo-oligomenorrliea or amenorrhea. 
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2. Patients with virile symptoms. 

This series includes 29 cases of virilism. It is divided into 
3 groups. 

a) the first group contains 15 patients with regular men- 
struations but masculine hair growth, which was so pronoun- 
ced that it led to the patients being hospitalized. The age of 
the patients varied between 18 and 37 years. The 17-ketoste- 
roid content of the urine was determined once only in most 
of the cases, and the levels were within the normal range of 
variations. (Table 1). 

The ovaries were split and a specimen was taken for mi- 
croscopic examination in all the cases submitted to explora- 
tory laparotomy. 

b) The second group includes 11 patients with pronounced 
virile growth of hair and hypo-oligomenorrhea in nine cases 
and amenorrhea for more than one year in two cases. The age 


Table 3. 


Case 

no. 

1 1 

\ \ ^ 1 

i ■< >, 1 fid 

17-ketosleroitls 
in mff./2-t lirs. 

Notes 

27. 


22.4, 6.9 Exploratory laparotomy: Fol- 

licular cysts in both ovaries. Pal- 
pation revealed adrenal glands 
to be normal. 

28. 

20 0 

19.2 Exploratory laparotomy; Ovaries 

normal. Excision of left adrenal 
gland, but no definite patholo- 
gical changes demonstrable 
histologically. 

29. 

35 0 

59.0, 57.0, 55.0, Biopsy from left adrenal gland 
45.0, 36.0 normal. Right adrenal gland en- 

larged. Biopsy showed liyper- 
plasia. Exploratory laparotomy: 
Ovaries normal. 


Ui inary excretion of 17-ketosteroids in 3 women with pronounced 
masculinization and amenorrhea. 
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Table 4. 


tr. . 

1 ..U 

1 

Para j 

17-kelosteroids 
in mg./2-l hrs. 

Notes 

30. 

25 

0 

13.3, 6.6 


31. 

30 

0 

4.0 


32. 

25 

0 

35.0, 15.0, 12.0 


33. 

36 

0 

29.0, 49.0 


34. 

40 

0 

20.3 


35. 

50 

0 

10.7 

Left-sided renal incision. Left 


adrenal gland of normal size. 
Biopsy from left adrenal gland 
showed fairly profuse accumula- 
tion of ponceau-fuchsinopliil gra- 
nules in tlie cortical cells, mainly 
in the internal layers. X-rays fol- 
lowing injection of air around 
the right kidney revealed no en- 
largement of the right adrenal 
gland. 


Urinary excretion of 17-ketosteroids in 6 women with 
Cushing’s syndrome. 


of the patients varied between 18 and 38 years. No definitely 
pathological levels could be shown in this group either. (Table 
2 ). 

As in the previous group biopsy specimens were taken in 
the cases submitted to exploratory laparotomy from both 
ovaries. 

c) The third group includes three patients with amenor- 
rhea and pronounced virile symptoms: masculine hair growth, 
deep voice, masculine pelvis and hypertrophy^ of the clitoris. 
All three showed an unusually high level of 1 /-ketosteroids in 
the urine. These cases are collected in Table 3. 
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3. Patients with Cushing’s syndrome. 

The urinary excretion of I7-kolostcroids was dclcrmincd 
in six cases diagnosed clinically as Cushing's syndrome. Three 
of them showed an increase in excretion, while the levels in 
the remainder were normal. (Table 4). 


DISCUSSION 

The levels for the urinary excretion of 17-Icctoslcroids in 
women in the fertile age found in this investigation correspond 
well with those usually reported in the literature. The question 
whether the excretion of 17-ketoslcroids exhibits regular va- 
riations during the ovarian cycle has been discussed, the majo- 
rity of workers being of the opiiiion that it docs not. In my 
publication in 1940 I stated that there was a certain tendency 
toward parallelism between the excretion of oestrogenic sub- 
stances and of 17-kctoslcroids in normal women. However, 
unlike the oestrogenic excretion, the excretion of 17-keloslcroids 
showed no regular, j)ronounccd peak in the middle of the 
cj'clc, nor did it reach exceptionally low’ levels during men- 
struation. The curve representing the normal cases (Fig. 1) 
seems to show a tendency toward higher levels during Ihc se- 
cretory phase. The curve rose on the 14th day, remaining at 
the same level until the next mcnslrunlion, when it dropped 
again. It seems reasonable that there may be a certain cyclic 
variation in the excretion of 17-kctoslcroids in women. In ca- 
strated young experimental animals Ihc adrenals affect the 
genital organs in a way reminiscent of the ovaries, and cyclic 
variations analogous to those in the non-caslralcd can be jiro- 
duced in the genital organs of the castrated animal. Further- 
more, repealed, regular bleeding that resembles menstruation 
may be observed in castrated women who have received con- 
tinuous medication with large doses of oestrogenic substances 
[Parkes, 1945). 
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Among the women with virilism, the highest 17-ketosteroid 
levels were found in those with most pronounced virile symp- 
toms. Like most other workers I found the levels in the milder 
cases to be within the range of normal variations, irrespective 
of whether menstruation was normal. A differentiation of the 
various 17-ketosteroids in these cases might yield interesting 
information. In contrast to our results Hamblen, Cuyler & 
Baptist (1941) reported that they found increased 17-ketoste- 
roid levels in nearly all their cases both of moderate and of 
pronounced virilism. 

Three of the women with Cushing’s syndrome showed in- 
creased levels in the 17-ketosteroid excretion. The other had 
an output within the normal limits. 


SUMMARY 

The Zimmermann reaction was found to give approximately 
the same results as other methods of determining the 17-keto- 
steroid excretion in the urine reported in the literature. In a 
series of 19 healthy women studied for at least one ovarian 
cycle, the urinary output of 17-ketosteroids was found to vary 
between 1 and 16 mg. per 24 hours. Most of the levels were be- 
tween 4 and 8 mg. (170 of 279 determinations). There seemed 
to be a tendency toward higher levels during the secretory 
phase. Of 29 cases of virilism, three with strongly pronounced 
virile symptoms showed an increased urinary excretion of 
17-ketosteroids. Three of the six cases of Cushing’s syndrome 
showed an increased 17-ketosteroid level. 
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THE ANTAGONISTIC ACTION OF 
METHYLTHIOURACIL ON THE INHIBITORY 
EFFECT OF THYROXIN ON SERUM LIPASE 

BY 

GEORGE KLEIN 

Bach, Louas & Neufeld (1932) have demonstrated that the 
level of serum lipase in rabbits is diminished after subcutane- 
ous injection of 0.25 — 1.0 mg. thyroxin. According to these 
authors the value of serum lipase, expressed as the velocity 
constant of tributyrin hydrolysis, is lowered by 1/3 24 hours 
after the injection of 0.5 mg. thyroxin, and to 1/2 of the ori- 
ginal value after 48 hours; the original level is reached after 
3 — 5 days. This effect of thyroxin was thought to be an in- 
direct one as no inhibition of lipase could be produced in vitro. 

These results were confirmed by Fiessinger, Albeaux-Fer- 
iiet & Gajdos (1933), Hoffmann (1934), and Bauer & Feil 
(1935). Hoffmann and Bauer & Feil investigated the possibi- 
lities of inhibiting this effect of thyroxin. They found that the 
thyroxigen breakdown of serum lipase could be compensated 
by a number of lipoid substances. The insulin-free pancreatic 
extract of Bald, Bach, Lovas & Neufeld (1932),Retardin, is 
also able to compensate this effect and protects the animals 
from lethal thyroxin intoxication at the same time. According 
to Bald and co-workers every substance which is capable of in- 
hibiting the effect of thyroxin on serum lipase is able to pro- 
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tect rabbits froin thyroxin-death. Out of these reasons it was 
thought worth while to study the antagonism between thyroxin 

and serum lipase from another angle. 

The aim of the present work is to investigate the possibility 
of inhibiting the lowering effect of thyroxin on serum lipase 
by compounds known to inhibit thyroxin formation, viz. mc- 
thylthiouracil. 


EXPERIMENTAL 

Methods. 

Determination of serum lipase. The slalagmometric method 
of Rona & Michaelis (1911) was used. 

In every determination there were mixed 50 mi. of saturated 
tributyrin solution (10 drops of Iributj’rin mixed Nvitli 1 liter 
aqua dest., shaken for two hours, filtered), 3 ml. phosphate- 
buffer (sec. Sorensen, 1 p. 1/3 n sol. prim, phosph. is mixed up 
with 7 p. 1/3 n sol. sec. phosph., H+ cone. ( = ) 0.35 • 10— ’) and 
0.25 ml. rabbit scrum. The hydrolysis took place in water bath 
with a temperature of 22” C. The slalagmometric determina- 
tion was made with a pipette as described by Michaelis (1926). 
As a rule the number of drops was determined every 10 mi- 
nutes. The velocity of tributyrin hydrolysis was expressed by 
the constant (k) of the mononiolecular reaction, according to 
Rona & Ebsen (1912), calculated by the following formula: 


where k = velocity constant of the monomolccular reaction, 
t = time in minutes, a = concentration of tributyrin at time 0, 
a — X = concentration of Iribulyrin at time t. 

The final k-values used were means of 5 determinations 
of k. 

The error of a single determination was established by 
calculating the standard deviation (a) of these five determina- 
tions. In all 36 series, each computing 5 determinations, on 
o animals in all, were used for calculation. 
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The standard deviation was found to be 1.781 ; 10-3 on an 
average (expressed in k-value), and varying between 0.277 • 
10-3 and 5.550 ■ 10-3. The variation corresponds to 8.14 per 
cent of the mean. 

The error of the method, as the final value was the mean 

of 5 determinations, was thus: -1= • 8.14 per cent = 3 6i ner 
, I 5 ' 

cent.* 


Experimental Design. 

Rabbits, weighing about 2000 gm., were used for the experi- 
ments. The diet of the animals was constant and their weight 
did not change during the experiment. 

In preliminary orientating experiments the effect of treat- 
ment with methylthiouracil alone was investigated on the level 
of serum lipase of normal animals. No effect was obtained 
with small doses, from larger doses definite inhibition could 
be seen. In the following experiment the largest dose of methyl- 
thiouracil was used which did not inhibit serum lipase if 
given alone. This dose was found to be about 0.025 gm./kg. 

The experiments were made as follows: 

The tributyrin hydrolysing capacity of the serum of un- 
treated animals was determined twice at least before treat- 
ment. After this 0.25 mg./kg. thyroxin (La Roche) was in- 
jected subcutaneously to the first series of rabbits. Serum 
lipase determinations were made after 48 hours and again 
after 10 — 14 days. In the last mentioned determination the 
serum lipase level was always found to be at the original 
height. Having found this the second treatment was made: 
0.025 gm./kg. 4-methyl-2-thiouracil was given through sto- 
mach tube and that was followed after 4 hours by the admini- 
stration of 0.25 mg./kg. thyroxin subcutaneously. Lipase de- 
terminations were made after 48 hours and after 10 — 14 days. 
The second series of rabbits was treated in the same way ex- 
cept that the experiment was started with the described com- 
bined administration of thyroxin and methylthiouracil and 
finished with the administration of thyroxin alone. 
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RESULTS 

1. VariabilUy of normal values. The k-values are rather 
constant under normal conditions, but may show variations 
from time to time. The variability was established by analysis 
of variance (Fisher, 1936, and Bonnier & Tedin, 1940) bj 


Table L 

Example for the statistical analysis of variance in one animal. A: 
Variation of normal values from time to time, B: Variation between 
normal values and values obtained after thyroxin treatment, C: 
Variation between normal values and values obtained after the 
combined treatment with thyroxin + mcthylthiouracil, 

P.' Probability that the variation is flue to chance. 


Example for the statistical aiialysis of variance. 
Rabbit no. VI. 



j 




1 Standard 


Decrees ] 

Sum 


Standard 

j deviation in 

Variation j 

i 

of 1 

freccloni 

of squares 

.tfean square j 

' 1 

deviation 

j per Cent 

of.inenn 


4. Normal values. 


Between the groups 

0 

0,000.003.0 0,000.002.80 

0,001.073 

5,80 

Within the groups 

12 

0,000.044.9 0.000.003.74 

0,001.934 

0,70 

Total 

U 

0,000.050.3 0,000.003.01 

0,001.900 

6.05 

Variance 

ratio = 1,.34 (df = 1272) P 

> 0,2 


B. Effect of (byroxin. 

Between treated 





and normal 

1 

0,000.887.19 0,000.887.19 

0,029.782 

118,98 

Within the groups 

18 

0,000.051.23 0,000.002.85 

0.001.088 

6,74 

Total 

19 

0,000.938.42 0,000.049.39 

0,007.028 

28,08 

Variance ratio = 311,29 (df = I/IS) P < 0,001 

C. Effect of Ihyroxm + methyUhioiiracil. 


Between treated 





and normal 

1 

0,000.002.23 0,000.002.23 

0,001.493 

5 12 

Within the groups 

18 

0,000.004.13 0,000.003.50 

0,001.887 

0,47 

Total 

19 

0,000.000.30 0,000.003.49 

0,001.837 

0,30 

Variance 

ratio = 1,00 (df = ig/i) p > o.2 
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Series 1 
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lime in days 



Fig. i and 2. 

Typical examples of the changes obtained after treatment with 
thyroxin alone and after combined treatment with thyroxin + 
methylthiouracil in the same animal, k = velocity constant of 

tributyrin hydrolysis. 




A 

C3 
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comparing the variation ivithin a determination with the varia- 
tion between different determinations, made under normal con- 
ditions. (See Table 1/A). In 6 out of 8 rabbits there was no 
difference between the variation within and the variation be- 
tween, which means that the variation of k-value from time 
to time (about 6 w'ceks in all) did not exceed the experimental 
error. In 2 rabbits the k-values were increased 10 days after 
thyroxin treatment, but there was no difference between the 
two values before treatment. 

The variation from lime to time, expressed as the standard 
deviation ( o) in k-value, calculated from the control deter- 
minations — at least four determinations from each animal — 
varied between 1.068 • 10— ^ and 6.550 * 10—^, with a mean value 
3.168 " 10— ^ which corresponds to 1.14 per cent of the mean. 

The k-valucs arc thus rather constant in one animal, but 
are very different in different animals. These findings con- 
firm the statement of Balo, Bach, Lavas ^ Nenfeld (1932) as 
to k-values in normal animaks. 

2. Effect of th\]roxin4reatment . 48 hours after the injec- 
tion of thyroxin alone the serum lipase values fell significantly 
whether thyroxin was injected first (series I) or two weeks 
after a previous administration of methylthiouracil -j- thyroxin 
(series II) no difference being found between the hvo series. 
The decrease was established by analysis of variance (see 
example in Table 1/B). The decrease w'as — 51 % in the first, 
— ■ 48 % in the second series. Typical experiments are given 
in Figs. 1 and 2, a survey is given in Table 2. 

3. The effect of combined treatment with thyroxin and 
methylthiouracil. 48 hours after the combined administration 
of methylthiouracil and thyroxin no statistical difference in 
serum lipase could be seen in 6 of 8 animals, established by 
analysis of variance (example Table 1/C). Some typical cases 
are illustrated in Figs. 1 and 2, a survey is given in Table 2. 

In one animal of the first series (VIII) there was a statisti- 
cally probable decrease, in one of the second series the de- 
crease was highly probable (V). How’ever, in both cases the 
lowering is much less than the diminution obtained after 
treatment with thyroxin alone in the same animal. (Table 2). 
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On this basis it can be concluded that the decrease of se- 
rum lipase caused by one single injection of thyroxin can be 
inhibited by inethylthiouracil. 


DISCUSSION 

As the normal thyroid gland has a thyroxin supply, which 
is able to produce a normal basal metabolism in the first 1 2 

months of thiourea treatment {Asiwood, 1943), the effect of 
methylthiouracil here presented, inhibiting the effect of thy- 
roxin on serum lipase, cannot be explained by a direct action 
causing a decrease of hormone streaming from the thyroid 
into the circulation as the effect appears within 48 hours, but 
must be supposed to be a peripheral one. 

The possibility of a peripheral effect of thiouracil on other 
functions is recently discussed by several authors (Abelin, 
1945, 1947, Gasche, 1946, and Poupa, 1946) . A number of authors 
have found effects of thiourea compounds upon different en- 
zymes (Bernheim & Bernheim, 1942, Paschkis, Canfarow & 
Tillson, 1945, 1947, Paschkis, Caniarow, Tillson & Rakoff, 
1945, Lerner & Chaikoff, 1945, Kenneth & Erwaij, 1946, Tip- 
ton & Nixon, 1946, Clock, 1946, and Fontaine tC‘ Leloiip, 1946, 
1947). 

Thus evidence is gathering as to there being some peri- 
pheral effects of thiourea compounds, which is supported 1 ) 3 ' 
the findings here presented: the antagonism demonstrated be- 
tween thyroxin and thiouracil as to influence on scrum lipase. 


I wish to acknowledge my great indebtedness to Docent 
Leonard Goldberg, Karoiinska Institute, Doctor Rolf Lufi, Se- 
rafimerlasarettet, and Professor Joseph Bald, University of 
Budapest for the interest they have shown in this investigation 
and their valuable advice and criticism. 
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SUMMARY 

The administration of 0.025 gm./kg. m ethyl thiouracil to 
rabbits by stomachtubing inhibited the serum lipase reducing 
effect of 0.25 mg./kg. thyroxin given subcutaneously. After the 
injection of thyroxin a statistically significant decrease of se- 
rum lipase was obtained in 8 animals. With the administration 
of methylthiouracil this effect could be completely inhibited in 
6 of 8 animals, where no statistical difference could be ob- 
tained. In one animal there was a statistically probable, in 
another animal a statistically highly probable decrease after 
this treatment, hut the decreases were much less than the 
lowering obtained after thyroxin treatment in the same animal. 

No difference could he seen whether thyroxin was injected 
first or two weeks after a previous administration of thyroxin 
-j- methylthiouracil. 
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From the Research Laboratory of Ferrosan Ltd., 
Copenhagen. 

ON THE ACCURACY OF METHODS FOR 
DETERMINING THE POTENCY 
OF GROWTH HORMONE PREPARATIONS 

BY 

N. F. GJEDDEB/EK 

From the paper »A Study on Growth Hormone of Anterior 
Pituitary Lobe«, recently published by Fonss-Bech (1947), it 
seems possible to gain some information regarding the accu- 
racy of various methods for determining the potency of growth 
hormone preparations. It is claimed that two methods are of 
special interest, viz, the dwarf mice method and the »plateau- 
ed« female rats method. Both methods are described in detail 
in the paper cited. 

According to standard methods for the evaluation of bio- 
logical assays, the accuracy of a method is measured by the 
ratio, 7A variance to the squared slope of the log dose- 

response line, the estimate of which ratio is F = {Bliss & 
Cattell, 1943). From the data presented in the paper by Fonss- 
Bech (1947), table 13, col. 2, p. 74 and table 28, p. 104 it is 
easily calculated that 1- = 0.449 for the dwarf mice and 1- = 
0.051 for the plateaued female rats. It follows, that if the 
methods were to show the same degree of accuracy, then the 
number of dwarf mice should exceed that of the plateaued 
female rats = s times 

The plateaued female rats method, therefore, seems to be 
much superior to the dwarf mice method. Furthermore, it 



259 


seems to be as satisfactory as any other method described in 
the literature. From the data of Biilbring (1938) and Marx, 
Simpson & Evans (1942) on the hypophyseclomized rats me- 
thod, Bliss & Cattell have calculated 1- to be 0.125 and 0.070 
resp.’, both of which exceed 1- = 0.051 calculated from Fonss- 
Bech’s data on the plateaucd female rats method. This author 
has also investigated the hypophyscctomizcd rats method and 
the »increase in tail-lcngth« method. From the data on these 
methods F is calculated to be 0.162*) and 0.283**), respec- 
tively. 

As to the dwarf mice method and the plateaucd female rats 
method the author himself has computed the 1" (assisted by 
fiorpe Andersen, M. Sc.). He finds for the dwarf miccl- = 0.0550 
and for the female rats \- ~ 0.0702 and consequently that 
about =1.3 times as many rats arc required as dwarf 

mice. His figure for the female rats is, however, simply due 
to an arithmetic error. It may be attributed to the sum of the 
figures of the last column (p. 104 1, c,), — 81.3000 instead of 
77.1100; hence b = 18.07 and s” = 16.74 (instead of 17,14 and 
20.62 resp.); thus l~ = 16.74 : 18.07= = 0.051 instead of 
0.0702.**’) 

Stranger yet is the treatment of the data on the dwarf mice. 
40 mice were applied in the case of each dose but only 10 of 
them were submitted to the statistical analysis. Thus 75 per 
cent of the experimental work has not been utilized in the 
evaluation of the method. The 10 mice per dose were admittedly 
picked at random (j). 80 1. c.), but the effect has been in favour 
of the dwarf mice method. The diagrams below are rather 


*) Deduced from fable 35, p. 120, 1. c. 

*•) Deduced from fable .38, p. 128, 1. c. after correction for an 
arithmetic error in the last column of (bo table — 1,3.3500 insfoad of 
12.3500. Omitting file bighe.st do.so, Imwcvcr, 1= for tiic tail-longtb 
method becomes 0.107, a figure whicli indicates a (olerable precision 
) Headers of Fnnss-licch’s paper should also be reminded of 

column of fable 34, p. 118 1. c — 
5,»0 hisload Of 53.3000. 1.ike II.o olhc,- t.vo, (l.i. error is rlistovour- 
mg the method involved. 
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instructive: Diagram 1 shows the weight increases of the mice 
drawn »at random« and the reaction line calculated (omittine 
the highest dose) (cf. table 15, p. 82 1. c.) . Table 13 (p. 74 ]. c.) 
presents, however, a summary of all data, giving the mean 
value for groups of 10 animals. From this, diagram 2 has been 


Reactions of dwarf mice treated for 2 weeks 
loilh hormone extract. 



Diagram 1. 

The points indicate figures from 
table 15 (p. 82 I. c.), each figure 
being the weiglit increase for a 
»ranclom« dwarf mouse. (The 
reaction line is that of p. 89, 
1. c.). 



The points indicate figures from 
table 13 (p. 74 1. c.), each figure 
being the average weight in- 
crease for 10 mice. All mice are 
represented here. (The reaction 
line is that of p. 78 1. c.). 


constructed, the line drawn in full being the estimated reaction 
line (now with no plausible reason for omitting the highest 
dose). For illustrative purposes the reaction line of diagram 1 
has also been indicated. Obviously, the slofje turned out to be 
much larger for the animals selected »at randoni« than for 
the total material. 

The « random procedure» has led to a selection of the 
animals with higher weight increases on the doses 0.05 ml., 
and 0.10 ml., thus increasing the slope and reducing the mean 
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square. Consequently, an F computed from the »random mice« 
is strongly biased in favour of the dwarf mice me^od. Tins 
seems to be the main reason for Fonss-Bech’s obwous over- 
estimation of the accurracy of the dwarf mice method. As 
matters stand, the dwarf mice method must be regarded as 
being of doubtful value in spite of its apparent specificity and 
adequacy. 

Before the plateaued female rats method can be recom- 
mended, it should be remembered that accoiding to curient 
views on biological standardization a relevant determination 
of the potency of a preparation requires a comparison with 
a standard. In order to justify such a measurement it is a 
necessary condition that the log dose-response curves for the 
preparation and the standard are parallel. In the present in- 
vestigation only one preparation has been used. Consequently 
no potency determination in the usual sense has been carried 
out, nor has it been possible to test the basic hypothesis on 
parallelism. 

There is some evidence, however, of parallelism between 
log dose-response curves for different preparations ' of the 
growth hormone. In her paper on the reaction curve of the 
hypopliysectomized rats method Biilbrinff (1938) finds that 
the curves for various extracts of the growth hormone may bo 
considered parallel. Marx, Simpson & Evans (1942) state that 
curves representing the relationship between dose and response 
for different growth hormone preparations have a constant 
slope. They investigated the plateaued female rats method and 
the hypopliysectomized rats method. In their jiapcr seasonal 
variations in responsiveness of the rats arc discussed and the 
importance of a standard roference substance is stressed. 

A comparison of the two methods examined led the authors 
to the result that the accuracy was approximately the same 
foi both types of test animal. It appeared to be even somewhat 
higher for normal rats. Marx, Simpson & Evans (1942) were 
able to perform assays with hypophysectomized rats, applying 
doses of about one-tenth the doses needed for assays with 
normal plateaued rals. So the hypophysectomized rats method 
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should be used, when testing more valuable preparations. In 
this connection it is noticed that Fonss-Bech uses equal 
amounts of substance for both methods of assay. 

After all, it seems justified at present to adopt the pla- 
teaued female rats method as the most accurate method for 
determining the potency of growth hormone preparations. 
Considering also its relative simplicity this method seems to 
deserve recognition. 


SUMMARY 

The accuracy of various methods for determining the po- 
tency of growth hormone preparations is discussed. The pla- 
teaued female rats method is recommended because of its 
relatively high accuracy and simplicity. It seems possible to 
save some amount of substance when using the hypophysec- 
tomized rats method. The accuracy of the dwarf mice method 
is rather low. It is shown that Fonss-Bech (1947) grossly 
overestimated the precision of this method. The »increase in 
tail-len'gth« method may be fairly precise. 
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Lovens kemiske Falirik, Copcnliageii. 

OESTROGENIC AND GONADOTROPHIC 
SUBSTANCES IN THE URINE FROM A WOMAN 
•WITH NORMAL MENSTRUAL CYCLES AND 
NORMAL PREGNANCIES 

SEX HORMONE ANALYSES III.') 

BY 

G. PEDERSRN-BJRRGAARD and K. PEDRRSRN-B.IERGAARD 

In a preceding report from this laboratory Pedersen-Bjcr- 
gaard & Tonnesen {1948 a) have investigated the excretion 
of gonadotrophic hormone and oestrin with the urine in 
normal, non-pregnant women. A fairly large material was 
examined, chiefly with one or some few analyses of each of 
the hormones per individual. The present work deals with 
the hormonal excretion mainly of only one individual, a woman 
in good health. All the urine voided was collected with parti- 
cular care without a single interruption throughout a period 
of two years and some years later through 10 months. Two 
normal pregnancies occurred during these periods. 


MATERIAL AND TECHNIQUE 

The Avoman (Mrs. YY) was SI years old at the com- 
mencement of tlic experiment. The mcnarchc occurred at the 
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age of 14, the first birth at the age of 29 years. The length 
of the menstrual cycle has fairly constantly been 26 days (see 
fig. 1), the shortest cycle amounting to 23 days, the longest to 
29 days. These figures do not include the last two periods 
recorded, which amounted to 42 and 30 days respectively, as 
they fall entirely outside the otherwise regular rhythm. The 
probable cause of this sudden protraction of the interval will 
he discussed later on in this work. The duration of flow was 
4 days. A period of 2 years from the age of 31 to the age of 
33 -with normal menstrual cycle was followed by a pregnancy 
where with the technique employed a rise in the output of 
gonadotrophic hormone could he demonstrated from the 20th 
day of the cycle. The pregnancy and parturition, with delivery 
of twins, took a normal course. The parturition took place 
246 days after the day when the gonadotrophin excretion began 
to rise. It was followed by a lactation amenorrhea that lasted 
65 days, and then normal menstruation reappeared with a 
cyclic period of 35 days. The collection and analysis of the 
urine was continued for 7 months after the parturition. 4 
years later, the urine of the same -woman was examined again 
through a period of nearly 10 months including a normal 
pregnancy that lasted 256 days. The urine was examined for 
one month preceding this pregnancy. As in the first pregnancy, 
the rise in the output of gonadotrophic hormone could be 
demonstrated from the 20th day of the menstrual cycle. After 
delivery, the urine was analysed only through one week. 

The urine was collected as 48-hour specimens. For the 
preparation of gonadotrophic and oestrogenic urine extracts 
and the determination of the hormonal contents of these, the 
same technique was employed as has been described by Pe- 
dersen-Bjergaard & Tonnesen (1948 a) with this exception; 
the urine from the periods of pregnancy was not subjected to 
extraction, but injected directly, in suitable dilution, into test 
animals. One R. U. of gonadotrophin means the amount that 
produces a tripling of the uterine weight in 26 days old rats. 
One M. U. of oestrin means the amount that produces vaginal 
cornification in 60 — 70 per cent of the adult spayed mice 
employed. 
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RESULT'S 

1) Gonadotrophic and oestrogenic substances during normal 
menstrual cgcles. 

The values recorded in Fig. 1 give the 24-hoin' output. It 
will be noticed that until July 1935 the analyses covered only 
the output of oestrin. Not until September 1935 was our 
method for assay of gonadotrophic hormone elaborated so far 
that it could be used continously. 

The lowest oestrin value recorded was 8 and the highest 
360 M. U. per day. The excretion of oestrin is lowest during 
the menstrual period. In the intcrmenslrual period the ex- 
cretion increases, though without following any constant 
course, not even two among the 24 cyclic periods showing the 
same output of oestrin. Twelve periods sho%v an excretion 
with 2 maxima, the first appearing on an average about the 
10th day of the cycle, the other appearing on an average on 
the 21st day. This is in keeping with the findings reported 
by several other investigators, c.g. Genell (1943). But, while 
Genell thinks that this excretion is normal for women with 
normal menstruation. Fig. 1 shows that 8 periods presented 
merely one maximum, on an average about the 13th day of 
the cycle. If the oestrin output may be taken as a measurement 
of the ovarian function, the latter will have to be looked upon 
as not particularly regular from one cycle to another. It is 
even possible, we think, that sometimes one follicular rupture 
may take place on the 13th day of the cycle, sometimes two 
follicular ruptures on the 10th and 21st days of the cycle 
respectively. 

Calculating the average output of oestrin from the values 
recorded in Fig; 1, leaving out the last two cyclic periods of 

respectively 42 and 30 days, we have the results presented in 
Fig. 2. 

It will be noticed that the average excretion of oestrin at- ^ 
tains its first maximum on the 12lh day of the cycle. Another 
less pronounced maximum is reached on the 21st day. The 
average excretion wms within the range 44 — 157 M. U of 
oestrin per day. 
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A particularly noteworthy feature is the extraordinarily 
high output of oestrin, which — as is evident from Fig 1 _ 
was demonstrated from March 4—10, 1936, corresponding to 
the 17th to 23rd days of the cycle. During this week the output 



Fig. 2. 


The average oestrin output in M. U. in llie same individual (Mrs. 
YY) through a 2-year period. Menstruation was present during 

the first 4 days. 


of oestrin amounted to about 500 M. U. per day, and during 
the following menstrual period it did not fall as usual to 
values below 50 M. U. per day, but during the menstruation 
and in the following week it remained at a level of 250 to 
300 M. U. This made the cycle in question particularly pro- 
longed, lasting 42 days as against the usual 26 days. The 
observation that such an ovarian hyperproduction of oestrin 
is able to prolong the intermenstrual period by about 60 % 
is in keeping with the results obtained by Okamoto, Yamamoto, 
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Yaai <£- Kosakac (1935) by adminislralion of oestrogenic 
horLoners ten more irregular than that of oestnn, the lower 



Days. 

Fig. 3. 

The average output of gonadotrophic hormone in R. U. in the same 
person (Mrs. YY) in 6 cyclic periods. Menstruation was present 
during the first 4 days. 


and upper limits being 2 and 25 R. U. per day. The average 
gonadotrophic output calculated on the basis of the values 
obtained from 6/9 — 35 to 17/2 — 36, i. e., 6 cyclic periods, is 
recorded in Fig. 3. Here the average curve shows variations 
from 6 to 21 R. U. per day. It reaches its maximum on the 11th 
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day of the cycle, i. e., 1 day before the oestrin output becomes 
maximal (Fig. 2). Levin (1941) found the gonadotrophin out- 
put to reach its maximum on the 12th day in a woman with a 
cycle of 28 days, and on the 13th day in a woman with a cycle 
of 30 34 days. In both cases only one period was assayed for 

gonadotrophin. 

No particular parallelism between oestrin and gonadotro- 
phin excretion is evident from the findings recorded in Fig. 1. 
Still, the gonadotrophin output was strikingly low in the 
period when the oestrin output was extraordinarily high 
(March 1936). D' Amour & Wood (1941) studied the oestrogen 
and gonadotrophic hormone excretion in a normal woman 
during 18 consecutive menstrual cycles. More than one gonado- 
trophic hormone peak occurred in a number of cycles. Oestro- 
gen excretion reached its maximum in 2 waves, usually pre- 
ceding the gonadotrophic peaks. 


2) Gonadotrophic and oestrogenic substances at the onset of 

pregnancy. 

Several papers have been published on the early diagnosis 
of pregnancy based on increased excretion of gonadotrophic 
hormone wuth the urine. Thus, Zondek (1931) reported a 
positive Aschheim-Zondek reaction in two young girls several 
days before the first missing menstruation. In 1933 Hamburger, 
employing the Aschheim-Zondek reaction, was able in one case 
to demonstrate an increased output of gonadotrophin on the 
26th day of the cycle, two days before the first missing 
menstruation. The exact time when the excretion of gonado- 
trophic hormone begins to increase, however, may be ascer- 
tained only by followdng this excretion in the same individual 
from day to day. By adopting this method, Levin (1941) has 
been able in one case to ascertain an increase in the output 
of gonadotrophin from the 24th day of the cycle. As is evident 
from table 1, we have been able to ascertain in the same 
individual the onset of 2 pregnancies, 5 years apart, on the 
basis of an increase in the gonadotrophin output from the 
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Table L 


Ocstrin and gonadotrophin onlpul in the same 
mcasiircd at the beginning of the pregnancies 

respectively. 

person (Mrs. YY, 
in 1936 and. '1941 

Days of the 

Output of oestrin 

Output of gonadotrophin *) 

cycle 

(M. U./24 hrs.) i 

(R. U./24 hrs.) 


1936 

1941 

1936 

1941 

12—13 

42 

17 

71/2 

15 

14—15 

125 

25 

10 

5 

16—17 

125 

25 

15 

m 

18—19 

167 

25 

VVa 

5 

20-21 

250 

150 

90 

45 

22—23 

200 

250 

450 

180 

24—25 

250 

200 

1800 

450 

26—27 

350 

300 

1800 

2100 

28—29 

300 

250 

4500 

3000 

30—32 

250 

350 

18000 

8500 

33—34 

250 

250 

18000 

18000 

35—36 

350 


. 180D0 


37—38 

350 


45000 


39—40 

350 


90000 


41—43 

400 

250 

90000 

400000 

44 — 46 

300 


180000 


47-49 

400 


180000 


50—52 

400 


500000 



20 th day of the cycle, corresponding to the 16th day after the 
last day of menstruation. 

It ^vilI be noticed that features characteristic of the onset 
of pregnancy are: 1) cessation of the cyclic variations in tlie 
o_e«p„,. ,,Mch in the beginning of pregnane; II!:: 

the ;;tobTislme;t''oj™i,c’*i,n™ ‘’r* “‘"'■■'O'' out before 

conversion to interna oMl tn i™. ; ""'7 
1 R. U. chorionic gonadottS ' ‘">= ‘“boiguc hero employed 
tor gonadotrophin excre?e?ta LT“^ l U. The values 

Physio, gonadotrophin, and they 0 !^^ ^" 0 “ inth u!’’''’”' 

J8’ 
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fairly constant at a level of about 200 — 400 M. U. per day; and 

2) a greatly increasing gonadotrophin output, commencing on 
the 20th-— 21st day of the cycle, and continuing the increase 
during the first month of pregnancy. Thus, the increase in 
gonadotrophin excretion begins 8 — 9 days after the maximal 
oestrin output of the normal menstrual cycle is ascertained 
(Fig. 2), and it seems reasonable to assume that the excretion 
of chorionic gonadotrophin starts simultaneously with the 
implantation of the fertilized ovum in the uterine mucosa. 

In this connection, it is rather interesting that in the mare the 
production of serum gonactotroplhn commences at the same time as 
chorionic villi begin to develop on the surface of the fertilized ovum, 
but this production ceases at the juncture when the attachment of 
the ovum to the uterine mucosa takes place {Gliid, Pedersev-Bjcr- 
gaard & Portman, 1933). Demonstrable amounts of gonadotrophin 
were found in the serum of the pregnant mare from the 6th to the 
15th week of pregnancy. 

3) Gonadotrophic and oestrogenic substances during normal 

pregnancy. 

a) Gonadotrophin. 

Several years ago we made some determinations of the 
gonadotrophin content in urine and serum in three normal 
pregnancies. Our assay results have been published in papers 
by Kixhnel (1935), Guldberg (1936) and Andersen (1938). 
The test animals were infantile mice in which the formation 
of corpora lutea was used as the basis for the estimation, and 
the values were given in mouse units (M. U.). (According to 
Hamburger & Pedersen-Bjergaard (1937) this mouse unit cor- 
responds to 15 of the rat units employed in the chorionic go- 
nadotrophin assays in the present work). Since the investiga- 
tions (summarized in Fig. 4) did not consist of more than 57 
single measurements the values recorded may not be taken as 
an absolute expression for the average normal gonadotrophin 
excretion in pregnancy. It is, however, remarkable that the 
curves in Fig. 4 showing two maxima agree closely with the 
excretion curves in the new cases of pregnancy (Fig. 5) in 
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Fi(l. 4. 

Duration of lu’cgiunicy in wooks. 

Goiiadotropliin content of the scrum and urine in 3 normal 

pregnancies. 

: Urine, M.U.y 1000 ml. 

: Scrum, M. U./IOOO ml. 

C) Ml'S. PP, delivery on the 2G7fli dn.v. 

O Mrs. 00, delivery on the 28Gth day. 

• Mrs. HR, delivery on the 25)lst day. 
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Fig. 5 b. 

The gonadotrophin output (R. U. / 24 hrs.) in the same individual 
(Mrs. YY), measured during the two pregnancies: 

a. First pregnancy, 13/6 36 — 13/2 37. 

b. Second pregnancy, 6/12 41 — 18/8 42. 







which two maxima occurred on 5r--67’ day and on 183’ day 
in the first pregnancy and on 42’ and 253 day in 
pregnancy. After the first maximum with values up to 400.000 
R. U.— 600.000 R. U. per day, there was a rather marked fall 
in the gonadotrophin output, which in the following months 
varied between 20.000 and 100.000 R.U. per day. During the 
second maximum toward the end oi the gestation the gonado- 
trophin output in both pregnancies measured about 500.000 
R.U. per day. A late maximum is also found in the case of 
another pregnant woman (Mrs. NN, 31 years old, lll-para) 


about 1 month before delivery (see Fig. 6). On the day of 
delivery the gonadotrophin output (Fig. 5) amounted to 
20.000—30.000 R.U., and 10 days later it had fallen to the 
low level characteristic of the normal menstrual cycle. 

The first maximal excretion of gonadotrophin, ascertained 
about 54 days after the beginning of the last menstruation, is 
in keeping with previous reports in the literature from Brown 
& Venning (1936) and Evans, Kohls A* Wonder (1937), who 
reported the greatly increased output of gonadotrophin one 
month after the first missing menstruation, as dcmon.slratcd 
in 6 cases by titration of the 24-hour urine. Hamburger (1943) 
reported up to 900000 I. U. per liter of urine in normal Jircg- 
nancics (2’— 3’ month). Boijcoll A* Howlands (1938) found the 
chorionic gonadotrophin content of Ihe serum to reach its 
maximum in the same period, 'I'hc second gonadolrojdiin max- 
imum, appearing shortly before parturition, lias not been 


described before in the literature. In this connection, it will be 
appropriate to quote the following remark from the paper by 
Evans et al.: 

»Threc erroneous schematic figures constitute the only 
charts known to us. These arc the much copied figure of 
Zondek (1935) p. 358, fig. 140, the figure of Frank (1935) 
chart 5, and the figure of Mazer & Goldslcin (1932). Graphs 
for individual cases have not appeared in the literatiirc. 11 
IS undoubtedly due to their transient presence and to the lack 
of sufficiently careful titrations that the regular occurrence of 

hese high urinary hormone value.s ha.s been previously over- 
looked. « 
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The gonadotropliin output (R. U./24 hrs.) in the last part 
of pregnane}^ (Mrs. NN Ill-para). 

When previously nothing has been reported about the last 
gonadotrophin maximum, we think that this may be due to 
the fact that the last rise is of even briefer duration than the 
first one. In order to demonstrate the last rise it is essential 
to analyse all the urine throughout pregnancy. Omission of the 
analysis of merely one 24-hour urine may bring about that 
this last increase is not registered. 
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Variations in the chorionic gonadoirophin output within %h- 
hoars. 

It is generally supposed that the concentration of gonado- 
trophin in the first collected urine in the morning is higher 
than in the other outputs, therefore early morning urine is 
always required for the Friedman and A schhcini' Zondek tests. 
As no systematic investigations showing this fact seem to exist 

Table 2. 

Gonadotrophin onipxit in a case of prer/nancij (Itlrs. 00). 

The 24'ljour period is collected in 3 separate eight-hour portions. 
Each figure represents the average value of 23 ui-inc specimens. 


Collected 
from — to 

It. u. 
total 

R. c. 

in 1000 ml. 

Volume of tiritie 
(in nil.) 

10 p. m.— 6 a.m. 

22100 

39820 

555 

6 a. m.— - 2 p.in. 

2T200 

647G2 

420 

2 p. m. — 10 p. m. 

20200 

MU7 

371 

In 24 hours 

69500 

51634 1 

1346 


we have taken up the question for closer treatment. The daily 
amount of urine from Mrs. 00 was collected during 23 con.se- 
cutive da 3 's in 3 eight-hour portions, namely: ]) 10 p. m. — • 
6 a. m., 2) 6 a. m. — 2 p. ni. and 3) 2 p. m. — 10 p. in. These 
69 portions were examined separately. Thus it was found that 


within the 24-hour period a considerable variation in the 3 
eight-hour portions often look place. As, how'cvcr, it was not 
possible to decide with certainty whether this difference was 
due lo technical variations or wliclhcr it was real, wc have 
calculated the average values for c.ich of the 2,'i eight-hour 
portions, these arc rccordecl in Tabic 2, It will he noticed that 
no significant difference exists between the absolute aitioiiiil 
of gonadotrophin excreted with llic first portion (10 |i iii _ 
6 a m. - .morning urine.) and with the third eight-hour 
^rtion, while on an average the porlion cnllcclcd from (i a. in. 
p. m. contained the grcalcst amount. The difference, how- 










Mouse Units 





ever, is mBch greater it the concentration ot gonadotrophin 
is calculated (R.U. per 1000 ml,). It is then found that the 
concentration ot gonadotrophin in the .morning urine, is 
considerably lower than in the two other portions, an observa- 
tion which is directly contrary to the view hitherto asserted- 
Although it cannot be excluded that the individual concerned 
in this respect represents an exception from the rule, the 
observation goes against the dogma of the advantages of the 
»morning urine« and incites to further investigations. 


b) Oestrogens. 


We have recorded the oeslrin output of the same individual 
(Mrs. YY) during two periods of pregnancy, in Fig. 7 a and 
Fig. 7 I), 

Fig. 7 shows a gradual rise in the oestrin output from about 
200 — 300 M. U. per day at the beginning of pregnancy to 
2000 — 3000 M. U. in the latter part of pregnancy, and about 
5000 — 8000 M. U. in the days immediately before parliirition. 
In this connection it may he appropriate to refer to the findings 
reported by Moller-Christensen & Pedcrsen-Iijergaard (1036), 
who in 58 women with normal delivery found the oeslrin out- 
put on the day of parturition to vary from 1000 — 100.000 M. U. 
per liter of urine, with an average output of 20.000 M. U. 
Quite corresponding values were found for 17 parturients witli 
primary uterine inertia, which docs not indicate that the 


oestrin production is lowered in llic case of this affection. 

The oestrin output here recorded in the 2 periods of pregnancy 
covers merely the free oestrogenic activity of the urine as 
measured directly without acid hydrolysis (Figs. 7 a and 7 b). 
In the case of the first pregnancy, 20 daily urines, scattered 
oyer the period of pregnancy, were e.xamincd both photo- 
metrically and biologically according to the principles given 
by Cohen, Marrian & Watson (1935) for their conlenl of free 
oestrone, free oestriol, combined oeslrone, and combined 
oeslnol. The outcome of the latter studies has been reported 
previously by Jensen & Pedersen-Bjergaard (1942). 
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Date. 

Fig. S. 

Tlie output of ocstrin and gonadotrophin during tlio first 7 months 
after delivery on 1.V2 37. 

; Oe.strin M. U. /24 hrs. 

: Gonadotroi)hin R. U. /24 hrs. 

The dark fields signify the days of menstruation. 

4) Gonadotrophic and oestrogenic substances during lactation 
amenorrhea. 

The first period of pregnancy, wliich was concluded by 
delivery on 13/2 — 37 was followed 1)3' lactation amenorrhea 
for 65 days, after which a normal menstrual cycle appeared 
with cyclic periods of 35 da 3 ’s. The urine was anal 5 ’zcd through 
altogether 7 months after the parturition. 

From Fig. 8 it will he noticed that the c 3 'clic period, which 
prior to pregnanc 3 ' amounted to 26 da 3 ’s, now lasts 35 days. 
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Further, the oestrin output is at a lower level after pregnancy 
than before, and its variations are not so characteristic as 
before pregnancy. Only in a couple of weeks, from 25/2 — 11/3, 
was the oestrin output as low as 5 M. U. per day, corresponding 
to a resting stage of the ovarian function. Then the oestrin 
output increased to 60 M. U. per day, and' about 35 days after 
this increase, the menstruation reappeared. 

During the 7 months after parturition the gonadotrophin 
output was rather low, generally below 10 R. U. per day. 


SUMMARY 

Urine from a period of forty eight hours from a young, 
healthy woman was collected continually throughout a period 
of 2 years, and 5 years later throughout a period of 10 months. 
These periods include 2 normal pregnancies. 

The output of gonadotrophin and oestrin was determined 
and calcuialcd in units per 24 hours. Durin,g the prcgn.oncies 

wSe a°fteTr' “ «'» untreated urine, olher- 

bined ac d T"? T • (8»u»<iotrophin) .and com- 

(oestrin, '^‘™ubloride extraction 

(oestrin). Gonadotrophin was assayed on infantile female rats 
oestrin on adult spayed mice. ‘ ’ 


Normal menstrual cycle. 

The oestrin output was analysed in „ r 
length of which was 2S + 3 days wit 2 
periods showed an oestrh, ouSut , 1 
showed only ) maxim.,, u. The Lerage for ® 

the first maximum on 11, e I2lh dnv'of „ sliowcd 

on the 22nd day. The oestrin oxo i- and another 

360 M.V. per 24 hours t " « nnd 

menstruation, ’ output .yns found during 

overage excre‘ttn’ttL'I“ir,Mx'‘' 
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regular correlation between the gonadotrophin and oestrin out- 
puts was seen in the separate periods. 


Pregnancy. 

An increase in the gonadotrophin output was ascertained in 
both pregnancies before the fix-st missing menstruation, namely 
on the 20th — 21st day of the cycle. In the second month there 
was an enormous increase in the output of this substance, an 
equally high but briefer rise in the output appears towards the 
end of the gestation in all the three pregnancies examined. 
The oestrin excretion rises gradually to 3000 M. U. in the latter 
part of pregnancy and to even higher values in the days im- 
mediately before deliverj'. 


Lactation Amenorrhea. 

Twelve days after parturition the excretion of oestrin as 
well as gonadotrophin had fallen to hardly demonstrable 
values. The excretion remained at this level for two weeks. 
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From tlie Hormone Department of the 
State Serum Institute, Copenhagen. 

ON THE CONTENT OF CHORIONIC 
GONADOTROPHIN IN THE FIRST MORNING 
URINE AND IN AN AFTERNOON SAMPLE 
COLLECTED FROM 19 PREGNANT 
WOMEN 

BY 

CHRISTIAN HAMBURGER 

The necessity of using early morning urine for the Asch- 
heim-Zondek test has been emphasized in most publications 
on this reaction (c. g. Zondek, 1931, and Aschbeim, 1933) be- 
cause the concentration of the active substance was supposed 
to be highest in this urine. In accordance with these statements 
we have always asked for the first sample of morning urine 
for the Aschheim-Zondek and Friedman tests, and a negative 
reaction was considered to be of less significance if the test 
was performed with any other sample of urine. 

Prompted by the observation of Pedersen-Bjergaard & 
Pedersen-Bjergaard (1948) that in a pregnant woman the 
urine collected from 10 p. m. to 6 a. m. during 23 days had 
on an average a lower concentration of chorionic gonadotro- 
phin than each of the other two 8-hour samples, we have 
made the following examination. 

From 19 healthy women in the 2nd to the 3rd month of 
pregnancy two samples of urine were collected within the same 
day, viz. the first morning urine and a sample from the after- 
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Tabic i. 


— ' 1 

1 

Case no. 

- Spec, gravity ot 


"" IVrsl morning urino nfternoon snmplc 

1 

0 

1.020 

1.005 

1.010 

1.046 

3 

1.010 

1.018 

4 

1.020 

1.016 

5 

1.020 

1.010 

6 

1.010 

1.020 

7 

1.020 

1.022 

8 

1 . 0 /S 

1.014 . 

9 

1.020 

1.020 

10 

1.004 

1.044 

11 

l.O'/O 

1.004 

12 

1.018 

1.024 

13 ' 

1.020 

1.010 

14 

1.030 

1.018 

15 

1.020 

1.010 

16 

1.020 

1.024 

17 

1.018 

1.026 

18 

1,0/6 

1.010 

19 

1.004 

1.002 

Average: 

'I.01S9 

4.6453 

ific gravity 

of the fii’st morning ui'inc 

and an a 


sample from the same day collected from 19 pregnant women. 


noon. The specific gravity of the urines is listed in Table 1; 
in 10 instances it was higher in the morning urine than in 
the corresponding afternoon sample, in 8 instances the reverse 
was the case. The average sp. gr. was 1.0159 and 1.0153, 
respectively. Equal amounts of the homologous urines were 
pooled and the content of chorionic gonadotrophin was as- 
sayed in 78 immature rats (uterine and ovarian weights). The 
pooled morning urines contained 69.000 I. U. and the pooled 
afternoon urines 68.000 I. U. of chorionic gonadotrophin per 
litre. 

Since these figures as well as the average values for the 
specific gravity must be regai'ded as equal it seems to be a 
matter of pure chance whether the first morning urine or a 
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later sample possesses the higher gonadotrophin concentra- 
tion. Consequently there can be no reason to maintain the claim 
of the first morning urine for the biological pregnancy tests. 


SUMMARY 

The average content of chorionic gonadotrophin as well as 
the average specific gravity were found to be equal in the first 
morning urine and in an afternoon sample from the same day 
collected from 19 healthy pregnant women. 
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From the Pliarmacological Laboratory of 
tlie State University, Leiden. 

adrenalectomy and alloxan diabetes 

BY 

.f. FOKKENS AND S. E. DE J0N6H 

It is well known that in the field of carbohydrate meta- 
bolism certain relations exist between hypophysis and pan- 
creas. Shortly after learning the possibility of provoking 
diabetes by means of alloxan we undertook in this laboratory 
a study of the changes which this artificially induced diabetes 
undergoes when the test rats are deprived of their hypophysis 
(Gaarensiroom & de Jongh, 1946, Gaarenstroom, 1947, Gaaren- 
siroom, de Jongh & Polder, 1946, and Gaarenstroom, in press). 
The symptoms of the disease (the high sugar-concentra- 
tion in the blood and the excretion of sugar) -were found to 
undergo a marked decrease, and might even entirely vanish, 
but, as the reaction of the animals upon the administration 
of sugar clearly .showed, the metabolic disturbance of the 
diabetic animal remained the same. It also became clear that 
the improvement vfas, partly at least, a real one, and certainly 
not entirely a delusive impression caused by the circumstance 
that the animals had little appetite and consumed therefore 
less food than normal ones. 

As it is generally assumed that there exists a similar relation 
between the adrenal cortex and the pancreas as between the 
hypophysis and the latter, we have now also investigated the 
effect exercised by the removal of the adrenals on the diabetic 
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condition provoked by the administration of alloxan. These 
experiments too were performed on rats. 

Some data were already to be found in the literature on the 
influence exercised by adrenalectomy on alloxan diabetes. 
Janes & Friedgood (1945) reported that the presence of the 
adrenals is in rats indispensable for the development of a real 
alloxan diabetes, whereas Goldner & Gomori (1944) found that 
adrenalectoni}' suppressed in their test animal, the rabbit, the 
passing hyperglycaemia which otherwise would have mani- 
fested itself soon after the alloxan administration, but that it 
had no effect on the permanent diabetes which makes its ap- 
pearance later on. The suppression of the preliminary h5'per- 
glycaemia was confirmed by Kirschbaum et. al. (1945) in ex- 
periments with rats, but these authors make no mention of 
what happens subsequently. Janes, Dawson & Mgers (1946) 
found that adrcnalectomj' counteracts in rats the development 
of alloxan diabetes, but on account of experiments with paired 
feeding they ascribe this effect to the circumstance that the 
adrenalectomizcd rats consumed less food. Their conclusions 
are accepted by Young (1947), but it seems to us that they do 
not follow with sufficient certainty from their experimental 
data, and for this reason, and also because of the other con- 
tradictions in the literature, it seemed to us worth while to 
resume the study of this problem. 


OWN INVESTIGATIONS 

Our investigations consist of two series of experiments. 
In the first series the adrenals were removed before alloxan 
was given; in the second one the latter was administered be- 
fore the removal of the adrenals. The alloxan was given in the 
form of a subcutaneous injection, the dose being 0.25 ml. of a 
solution of 75 mg. in 1 ml. 0.001 n HCl. The adrenalectomizcd 
rats (adults) were kept alive by means of desoxycorticosterone 
acetate (Doca) of which daily two doses each of 0.1 mg. were 
given. We controlled the body weight, and determined the 
amounts of urine excreted in consecutive periods of three 
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days; in the latter the sugar concentration and the amount of 
nitrogen were estimated. All animals received daily 11 gm. of 
the food we usually give them, and the less hungry animals 
too consumed this amount entirely. 

Series /. 

Alloxan was administered at the end of the first period of 
observation which, like the other ones, lasted three days. One 


Table /. 

Estimations of quantity, sugar- and nitrogeucontcnt of urine in rats; 
alloxan was given after tl\c adrenalectomy. 



Body 

weight 

Excretion in successive periods 
of 3 days each 

urino 
in ntl. 

in unu 

nilro^jon 
in Rin, 


1st day 189 

Ist per. 17 




5th day 188 

2nd per. 17 



4 normal rats 

8th day 18G 

3rd per. 23 

0 

0.45 


nth ,day 188 

4th per. 22 

0 

0.48 


I4tli day 186 

5th per. 31 

0 

0.52 


1st day 184 

1st per. 19 

0 


5 adrenal- 

5fh day 184 

2nd per. 19 

0 

0.43 

ectomized rats 

8tli day 185 

3rd per. 22 

0 

0.44 

nth day 18G 

4th per. 25 

0 

0.47 

14th clay 191 

5th per. 21 

0 

0.47 


5 normal 
alloxan rats 


7 adrenal- 
ectomizcd 
alloxan rats 


1st 

5th 

8th 

llih 

14th 


1st 

5th 

8th 

11th 

Uth 


day 197 
day 191 
day 179 
day 1G7 
day 159 


day 198 
day 193 
day 190 
day 189 
day 185 


2hd per. 123 
3rd 1 ) 01 '. V24 
•itli per. 124 
5th per. 9t 


hsi per. 
2nd per. 
3rd per. 
4th per. 
5fh per. 


23 

35 

45 

45 

41 


0 

G.7 

5.9 

8.0 

5.0 


0 

0.7 

1.1 

1.1 

0.9 


0.49 

0.G8 

O.SS 

0.98 

0.90 

0.47 

0.49 

0.58 

0.G5 

0.G8 
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day after the alloxan administration the collecting of the urine 
was resumed. The rats were divided in four groups, viz. normal 
and adrenalectomized ones that received no further treatment, 
and served as controls, and normal and adrenalectomized ones 
that received an alloxan injection. 

As the list of body weights given in table 1 shows, the 
amount of food was sufficient for the two groups of animals 
that received no alloxan. Of the alloxan rats the »normal« ones 
decreased more in weight than those whose adrenals had been 
removed. The amount of urine excreted by the adrenalectomized 
alloxan rats showed a slight increase, hut that excreted by 
the »normal« alloxan animals a very strong one. The »normal« 
alloxan rats excreted on the average several grams of sugar 
per day, the adrenalectomized ones but a fraction of this 
amount: in fact, three out of the seven rats of this group 
excreted no sugar at all. The N-excretion too was in the 
»normaI« alloxan rats much larger than in the adrenal- 
ectomized ones, in which it had, however, in comparison with 
that of the two groups of controls, also markedly increased. 


Series II. 

This set of experiments differed from the preceding one in 
two points. In the first place the alloxan was administered, 
as has already been mentioned, before the first observation 
period, whereas the adrenals were extirpated at the end of 
the latter; and in the second place the animals were finally 
loaded w'ith sugar. To this end a 20 per cent dextrose solution 
was made of which 2 ml. were administered orally and 2 ml. 
an hour later intraperitoneally. The blood-sugar value was 
determined before the administration of the sugar and once 
more an hour after the intraperitoneal injection. The results 
are given in table 2. 

It will be seen that table 2 confirms the results of table 1 
%vith one restriction: the nitrogen excretion of the adrenal- 
ectomized alloxan animals is here hardly higher than that 
of the normal and adrenalectomized controls. The initial blood- 
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sugar values were on the average lowest in the adrenal ectomized 
alloxan animals, but the values found in the untreated adrenal- 
ectomized animals can hardly be regarded as higher, for the 
difference appears to be within the limits of the probable error. 
In the »normaI<< alloxan rats the blood-sugar value reached, 
as was to be expected, a far higher level than in the norma! 
controls. The loading with sugar provokes in the alloxan 
animals always a much higher increase than in the other ones, 
no matter whether the adrenals are present or absent and 
how widely, on this account, the initial values differ. 


DISCUSSION 

The experiments described above lead to the conclusion 
that the rule according to which the symptoms of diabetes 
provoked by alloxan are in the adrenalectomized animals less 
severe than in normal ones retains its validity when the 
adrenalectomized animals consume the same amount of food 
as the other ones. The improvement, moreover, is but spurious, 
for the ability to produce insulin is not restored. This appears 
at once when the animals are loaded with sugar, for in that 
case the originally widely differing blood-sugar values of the 
adrenalectomized alloxan animals and the »normal« alloxan 
animals are found to undergo a similar increase. 

There is in all these points such a far-going parallelism 
between the effect produced by the removal of the hypophysis 
and that produced by the removal of the adrenals, that it may 
be asked whether the immediate cause of the changes brought 
about by these operations must not be sought in the adrenals, 
whose activity is, as we know, strongly influenced by the 
hypophysis. 

If this problem is to be solved, we will first of all have to 
find out what part the removal of the adrenals plays in the 
alleviation of the diabetic symptoms. With regard to this ques- 
tion we fully agree with Young, w'ho 1. c. points out that the 
adrenal cortex may have a twofold influence; it may keep, as 
Russell (1943) suggested, the sugar oxydation within bounds. 
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but it also may favour the glyconeogenesis f “V Hod in cm 
tivity would tend to create a condit.on as that reflected tn our 


data in the nitrogen excretion. 

The problem of the relation between the hypophysis and 
the diabetic condition must on account of these reflections be 
regarded as even more intricate than was originally supposed. 
The diabetogenic effect of the pituitary extracts, i. e. the 
induction of a lasting diabetic condition independent of the 
continuation of the injections, has generally been ascribed to 
the presence of growth-hormone in these extracts, but we have 
now come to the conclusion that the disappearance of the 
diabetic symptoms is not due to the elimination of this growth- 


hormone but to the absence of corticotrophic hormone ! In the 
literature there are already some indications which point in 
the same direction. 

Long et. al. (1940) worked with rats that had been made 
diabetic by extirpation of the pancreas, and found that ad- 
ministration of cortical extracts caused in these animals an 
increase of the blood-sugar values and of the nitrogen excre- 
tion. In cats that had been deprived of their adrenals as well 
as of the pancreas, Long (1936— ;37), however, did not find a 
return of the diabetic symptoms when they w’ere injected with 
a pituitary extract that was known to cause diabetes in 
normal animals. This need not surprise us when we realize 
that the diabetogenic activity of the pituitary extract is, 
according to recent investigations, due to the presence of 
growth-hormone. In our laboratory Gaarenstroom et. al. (in 
press) too were unable to provoke diabetic symptoms in hypo- 
physectomized alloxan animals by means of a growth-hormone 
preparation. Houssay & Biasotti (1938), on the other hand, 
obtained positive results in dogs that had been deprived of 
their hypophysis and pancreas, by administrating simultan- 
eously diabetogenic pituitary extracts and adrenal cortical ex- 
tracts. This is comprehensible when we regard it in the light 
of the synergism which, according to Russell (1939), exists 
between the pituitary extract and cortical hormone in their 
action on the carbohydrate metabolism. Bennett & Li (1947) 
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observed in rats in which diabetes had been induced by means 
of alloxan, an increased excretion of sugar and nitrogen after 
the injection of corticotrophic hormone. The experiment that 
would decide the question of the real nature of the alloxan 
diabetes, the administration of corticotrophic hormone to hypo- 
physectomized alloxan animals, has, as far as we know, not 
yet been performed. For the moment the interpretation given 
above seems to us, in the light of the available data, the most 
plausible one. 


SUMMARY 

1. In paired feeding experiments the excretion of water, 
glucose and nitrogen with the urine in adrenalectomized 
alloxan treated rats is considerably lower than in intact 
alloxan rats. 

2. The order of sequence of adrenalectomy and alloxan in- 
jection is immaterial as regards to the results mentioned. 

3. Adrenalectomy does not alter the bloodsugar rise which 
occurs after loading with -glucose. 
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From The University Institute for Human Genetics, 
Copenhagen. 

(Pi’ofessor T. Kemp, M. D.). 

BIOLOGICAL METHODS FOR DETERMINATION 
OF POTENCY OF GROWTH HORMONE 
PREPARATIONS 

BY 

TAGE KEMP 

Two papers published recently in this journal hy Dinge- 
manse, Freud & Uyldert (p. 71, 1948) and by Gjeddebxk 
(p. 258, 1948) discuss the various biological methods for deter- 
mining the potency of growth hormone preparations. 

Dingemanse et al. propose to designate the growth hormone 
as chondrotrophin and prefer to speak of chondrotrophin 
rather than somatotrophin (Selye). The reason for introducing 
the new expression chondrotrophin is, however, not quite ob- 
vious. No evidence at all proves the existence of an independent 
chondrotrophic hormone or preparation, such a substance has 
not been isolated yet. 

The typical many-sided effect of growth hormone prepara- 
tions has, as regards hereditary pituitary dwarfism in mice, 
been proved many years ago by Kemp in a paper, published 
1934, also demonstrating for the first time the possibility of 
using dwarf mice for potency determinations of growth hor- 
mone preparations. In this publication Kemp (1. c. p. 1855) 
emphasises: »... dass bei Zwergmausen die Zufuhr von Wachs- 
tumshormon bedeutendes, wohlproportioniertes Wachstum 
hervorruft, das sich zicmlich gleichmassig auf allc Organe, u. 
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a. auch auf das Knochcngeriist. indcm die Rohrcnknochen 

deutlich in die Lange wachsen, crstreckl«. 

The versatile effect of growth hormone preparations on 
dwarfism in mice has been confirmed later on by Kemp d: 
Marx (1937) and Fonss-Bech (1947). These investigators de- 
monstrated the effect of growth hormone preparations*) in 
dwarf mice on total weight, on length (body length, tail length 
and total length), in skeletal development and on weight and 
structure of endocrine glands and other interior organs, on 
vitality and behaviour, basal metabolism and resisting power 
to cold. Later Lykkegaard Nielsen analysed the effect of growth 
hormone preparations on the ossification process and skeletal 
growth and Heliveg-Larsen studied thouroughly the effect of 
the hormone on the individual cell, cell nucleus and cell-divi- 
sion, (the investigations bj' Lykkegaard Nielsen and Hehveg- 
Larsen have not yet been published). Other collaborators at 
the Copenhagen Institute for Human Genetics investigated the 
embryology {Francis, 1944, 1945), the normal and pathological 
anatomy and physiology of the dwarf mouse {Kemp & Marx, 
W36, Francis, 1945, Bartels, 1941, Mollenbach, 1941, and Grun- 
net, 1942). 

Thus the anterior pituitary dwarf mice constitute a thou- 
roughly studied rare and unique animal materia! for investiga- 
tions into growth Jiormonc problems. 

• Therefore it is surprising to sec Dingemanse ct aL write 
(1. c. p. 72); »Wc disagree with those authors who advocate 
other than skeletal indicators of chondrotropliin activity in 
non hypophyseclomized animals. Even (hypopituitary) here- 
ditary dwarf mice are not acceptable sulistitulcs, though in 
these weight increments may be parallel with skeletal growth.« 
The reason for Dingemanse el al. holding this point of view 
must be that they are not sufficicnlly familiar with the afore- 
mentioned investigations. 

Contrary to Dingemanse ct al., Gjeddcbiek (1948) highly 


) For all more recent c.xperiments the 
tion, Phyol, produced by Alfred Bonzon L 


growlh hormone prejiara- 
td., Copenlingcn, was used. 
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recommends the plateauecl female rats method for determining 
the potency of growth hormone preparations. 

It has to he considered, however, that a relevant biological 
determination of the potenc 3 ' of a hormone preparation, a real 
biological standardization, cannot be carried out, without a 
standard preparation. The susceptibility of experimental ani- 
mals as- regards most biological reactions varies during the dif- 
ferent seasons and during the series of j'ears in accordance with 
the variation in internal and environmental- factors in the 
animal or the strain of animals in question. Dingemanse et al. 
(1. c. p. 78) have used acetone dried powder of fre.shly frozen 
bovine hypoph 5 '.scs as a standard or reference preparation. 
Fonss-Bech (personal communication) has, however, conside- 
red the use of a standard preparation of this tj^pe impractic- 
able, because he observed that the log dose-response curves 
for the ordinary growth hormone preparation and an acetone- 
precipitated standard preparation were not parallel. 

According to our experience a quite satisfactory standard 
preparation of the growth hormone has not yet been produced. 
This is the reason why growth hormone potency determina- 
tions with various methods continued during several years can- 
not be compared without reservation. Gjeddehsek, however, 
tries to compare the results of potency determinations on 200 
dwarf mice extended over a period of several j^ears, with po- 
tency determination according to the plateaued female rats 
method on 40 rats (Gjeddebivk 1. c. p. 258), extended only over 
a few months. Fonss-Bech has quite righteouslj' compared the 
potency determination on 40 rats with the potency determina- 
tion on 40 dwarf mice selected at random but in chronological 
succession to be able to compare two experiments as far as 
possible of equal duration. This circumstance has perhaps not 
been pointed out sufficiently by Fonss-Bech, probably because 
he has not imagined such a misunderstanding possible. 

In 1946 Kemp defined a dwarf mouse unit (D. M. U.) of 
growth hormone as the smallest amount of growth hormone 
which on daily subcutaneous injections (6 days a week) for 
3 weeks into dwarf mice with pituitary dwarfism, aged 4 — 7 
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weeks and weighing 5 — 7 g, produces an average increase in 
weight of 100 per cent. 

The accuracy of the method depends naturallj’- on the 
number of animals used for each potencj' determination. Ac- 
cording to our experience during many years this method is 
quite satisfactory for potency determination of growth hor- 
mone and recently we have collected a comprehensive material 
of potency determinations on dwarf mice carried out within 
a rather limited period of time confirming this opinion Of 
course this method may advantageously he supplemented or 
in the future even replaced by other methods, hut for the 
present time it works gratifying. Certainly it will ])e an es- 
sential progress when a standard prejiaration fit for Ln o 
obtainable. 

Fonss-Beclumposas to apply the dwarf mouse melhod will, 

2 weeks mject, on instead of 3 weeks, for routine polouey de 
ermmat.on. He demonstrates, however, (/-ou.ss-flic/, " e t 

days or even longer. Applied in’ • of 25 

niethod for potency determination of Vlwlh'hon'^''"'"^ 
quite satisfactory results. Jionnonc, gives 
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The multifarious effect of i • 
iiorroone and the w.ay i( has JnJ.rT '’“'"‘‘"y S™'vlh 
^ntioned. The PossLiit; f , t" f"’’ 

"-■--Of growth horm„-::::.:;r--^. 


fled* USA «“™nEi\ci;s 

dwarfism i„ mice, C ' ^ rd "r -"o'-'- 
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From tire Institute ot Medical Chemistry, University of Helsmlti. 

(Professor P. E. Simola, M. D.). 

EFFECT OF THE SULFONAMIDES AND METHYL 
THIOURACIL ON THE BLOOD IODINE AND 
BLOOD CHOLESTEROL VALUES IN THE RAT 

BY 

OLAVI KINNUNEN 

Determination of the effect of the goitrogenic agents on 
the function of the thyroid. There are certain methods which 
enable the investigator to obtain information of the effect of 
the goitrogenic agents, both with clinical material and animal 
experiments. Of such methods the following may be men- 
tioned: histologic examination of thyroid preparations, con- 
tinued measuring of the weight of the thyroid and of the w'hole 
organism, measuring the circumference of the neck, observa- 
tions of clinical hypo- and liyperthjToid symptoms and the 
basal metabolism test. 

In addition, valuable information may be obtained also 
from determinations of the blood cholesterol and iodine con- 
tent, It has long been known {e, g, Epstein & Lande, 1922) that 
there exists a relationship between hypothyroidism and hyper- 
cholesterolemia or, respectivelj^ between hyperthyroidism and 
hypocholesterolemia. This relationship has been held so re- 
gular that following the blood cholesteral level has been sug- 
gested as a means of studying the functions of the thyroid. 
According to Glidea, Man & Peters (1940), the possibility of 
hypothyroidism could be completely excluded if the blood chol- 
esterol content is below 275 mg. per cent. Similarly it has been 

Act?, endocrinol. Vol. 1. IV. 
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shown that the hlood cholesterol level is raised by thyroidec- 
tomy and lowered by a feeding of thyroid. Some workers have 
already availed themselves of this fact by following the blood 
cholesterol content in their investigations of the effects of the 
sulfa and thiourea preparations {Stoessel, 1944, Dunlop, 1945, 
Thyssen, 1947, and others). 

It has also been clearlj'^ shown that in a study of the func- 
tions of the thyroid, valuable conclusions can be drawn from 
changes in the blood iodine content. This question has been 
recently discussed by SoisaZo (1948), Unonius (1946) and Rou- 
hunkoski (1948), so a brief reference may suffice here. It 
should be mentioned only that the hlood iodine and cholesterol 
levels are inversely proportioned so that in clear cases of hypo- 
thyroidism the blood iodine values are generally low and in 
cases of hyperthyroidism high (cf. Elmer, 1938). However, the 
available literature contains no references to the effects of 
sulfa and thiourea preparations on the blood iodine level. 


OWN INVESTIGATIONS 

Outlining of the problem. The object of my investigations 
was to study the effect of certain sulfa preparations and of 
methyl thiouracil on the blood total iodine and total cholesterol 
level in the rat. 

Material. Altogether 63 adult rats were employed in the ex- 
periments. The animals were of the special white strain of 
the Institute of Medical Chemistry. The weight of the rats 
at the start of the experiments was 200 + 20 gm. During the 
experiment the animals were fed ad libitum with the standard 
laboratory fare. Water consumption was not measured. The 
daily dosage of the sulfa preparation (sulfaguanidine, sulfa- 
thiazole, or sulfanilamide) wms 50 mg., and of methyl thiou- 
racil 5 mg., per each 100 gm. body weight. The preparations 
Nvere thoroughly mixed with the food. Rats receiving the same 
preparation were placed in the same cage, three in each. The 
duration of the experiment wms 1, 3 and 6 weeks. 
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Determination of iodine and cholesterol. Determination of the 
blood total iodine was carried out by the Leipert method, as modified 
in this Institute (see Rouhunkoski, 1948), For the determination of 
blood cholesterol, the method of Bloor, likewise modified in this 
Institute {Vesa <& Kalaja, 1939) was used. After all the rats in the cage 
were killed by decapitation, 3 ml. blood from each animal was taken 
for the iodine determination and 2 ml. for the cholesterol determina- 
tion. Blood samples from animals belonging to the same group were 
then combined, and the results obtained therefore already repi’esent 
mean values. The results are shown in table 1. 



Time; 

1 week 

Time: 

3 weeks 

Time; 

G week.s 
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Iodine 
per cent 
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per rent 

Iodine 
per cent 
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per cnel 
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Controls 

6.0 
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6,8 
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7,3 

200 

7.4 

210 

6.9 
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6.7 
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dine 

9.7 
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5.7 
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5.0 

305 

Sulfathia- 
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8.6 

220 

6,0 

260 

5.4 

290 

Sulfanila- 

mide 

8.8 

200 

6.9 

230 

5.9 

260 

Methyl 
thiouracil ■ 

9.8 

240 

5.2 

285 

3.1 

350 

n.3 1 

280 

4.8 

330 

3.8 

325 


RESULTS 

The experiments, whose object was to ascertain the effect of 
certain sulfa preparations (sulfaguanidine, sulfathiazolc. sulfa- 
nilamide) and of methyl thiouracil on the hlood iodine and cho- 
esteioi levels of healthy adult rats, showed that all prepara- 
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mobilisation of the iodine that has been stored in the thyroid 
(Franklin et aL, 1943, 1944), while the values obtained 
in the more prolonged series correspond to the hypothyroid 
state, developed during the experiment. The uniform and 
gradual rise of the blood cholesterol is well in keeping with a 
gradually developing hypothyroidism. The noted proportions 
in the effects of the different sulfa preparations correspond, 
for instance, to the results of MacKenzie et al. (1941, 1943) 
concerning the histologic changes produced by various sulfa 
drugs. Methyl thiouracil could be expected to have relatively 
more marked effect. 


SUMMARY 

Experiments were made with adult white rats in order to 
study the effects of sulfaguanidine, sulfathiazole, sulfanilamide 
and methyl thiouracil on the iodine and cholesterol content of 
the blood. It was found that: 

1) in 6-'week experiments the blood cholesterol showed a 
continuous increase uj) till 260 — 350 mg. per cent. 

2) the blood iodine increased at the early stages of the 
experiment, but later the values began to fall, being ul- 
timately up till 50 per cent lower than the normal 
values. 

The rise of the cholesterol level corresponds well to a 
gradually developing hyperthyroidism. The early increase of 
the iodine level probably corresponds to the mobilisation of 
the thyroid-bound iodine, and its decrease to a development 
of hypothyroidism. 
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From the Histological Institute, University of Lund, Sweden. 

(Professor G. Glimstedt, M. D.) . 

THE SIZE OF THE PITUITARY BODY AND ITS' 
LOBES AFTER THYROIDECTOMY AND AFTER 
PARATHYROIDECTOMY IN ADULT MALE 
AND FEMALE RATS 

BY 

SVEN ELOV BROLIN 

Alterations in the size of the endocrine glands still play an 
important part in the study of the relations between the func- 
tion and its morphological background. During the last few 
decades the size of the pituitary body under various-conditions 
has been the subject of at least a couple of hundred investi- 
gations. Only in a few of these, however, has the size of the 
individual lobes been determined with reference to the effect 
of different factors. Our present knowledge is accordingly con- 
fined to the effects of inanition, pregnancy, castration, treat- 
ment with ergosterine, end exposure to cold. Particulars con- 
cerning the influence of these factors have been given by 
Jackson (1917) for inanition, by Nfein (1934) for pregnancy, 
by Brolin & Ldfgren (1947) for castration, by Agduhr (1932) 
for ergosterine, and by Brolin (1945) for exposure to cold. 

Knowledge of the size of the anterior lobe has been of es- 
sential importance in studies of the structural correlate to the 
hormonal reactions after castration and exposure to cold. So 
far as the intermediate and posterior parts of the hypophysis 
are concerned, it has been possible in certain cases to de- 
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monstrate that the size of the pars intermedia undergoes 
changes the causes and significance of which are still unclear. 

The question as to whether the morphology of the pituitary 
body is affected by thyroidectomy has been dealt with in an 
extensive literature. As early a worker as Trauimann (1916) 
gave almost forty references to the literature on this aspect, 
and Altschule & Cooper (1937) collected the results of more 
than fifty investigators, some of whom, however, had already 
been mentioned by Trout mann. 

How the total size of the h 3 q)oi)hysis changes in the rat 
after thyroidectomy would seem to have been cleared up so 
far as the males are concerned. In them an increase occurs in 
the weight of the pituitary body, according to the concordant 
findings of Hammett (1923, 1926), Zcckiuer, Davison, Keller 
&Lwingood (1935), Lehedewa (1936), Zeckwer (1937, 1938) 
Smelser (1939), Turner & Cupps (1940) and others. This in- 
crease has been recorded for adult as well as infantile male 
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total size-changes of the pituitary body after thyroidectomy 
have not yet been clarified in all respects, and any significance 
the parathyroid glands may possess in that connection has 
remained unnoticed. Moreover, our knowledge of these altera- 
tions in size must be denoted as incomplete so long it has not 
been made clear to what extent they fall on the different parts 
of the organ. Hence, in spite of the time-consuming nature of 
the quantitative method, it has been considered highly de- 
sirable to make an analysis by modern statistical methods 
of the size assumed by the pituitary lobes after thyroidectomy 
and after parathyroidectomy in male as well as female rats. 


MATERIAL AND METHODS 

The animal material employed consists of 108 rats, which 
were 9 months old at the beginning of the experiments. In a 
few cases the age was 8 months, in some others it approached 
10 months. Control animals of the same age and from the 
same litters were consistently used. The rats were fed on a 
fare consisting of crushed rye, maize, coarse bread, milk, liver 
and lungs. 

As the correlation that exists between animals from the 
same litters may be suspected to constitute an appreciable 
source of error at the estimation of the experimental results, 
every effort was made to get the animal material distributed 
over as many litters as possible. In a great number of cases, 
therefore, animals of the same sex were taken from the same 
litter for both thyroidectomy and parathyroidectomy as well 
as for control purposes. The males are from 17 litters and the 
females from 19, in most cases common litters for both sexes. 
A survey of the ways in which the individual animals within 
the different experimental groups were used is given in Table 
1. This table also gives the mean body weights of the animals 
before the beginning of the experiment and at its end. From 
the former data it will be seen that no difference in weight 
between control and test animals can be considered to exist. 
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Thyroidectomy was performed, without removing the para- 
thyroid glands at the capsule of the thyroid, by a technique 
previously described {Brolm, 1945). The presence of normal 
parathyroid tissue could be verified with few exceptions at tlic 
end of the experiments. The parathyroid glands were removed 
with a fine thermocauteiy, after brushing a 1 per millc adre- 
naline solution on the surface of the thyroid. In this way they 
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Volumetric reconstructions of the pituitary lobes were 
made by projecting the preparations on paper to a magnifica- 
tion of 50.5 times, whereupon the individual lobes were sket- 
ched in, cut out and weighed. The weights of the individual 
lobes were then estimated from the weight of the hypophysis 
and the relation between the paper weights of the lobes. Use 
as in this investigation of a section at every 16th jx gives an 
insignificant error percentage, as explained in an earlier paper 
{Brolin, 1945). The method presupposes, among other things, 
the use of paper that is of very even quality in regard to thick- 
ness. From the paper used 200 specimens were taken for de- 
termination of its thickness, which did not deviate in any case 
by more than 0.5 per cent from the mean. 

In the statistical calculations, besides the classical standard 
error calculation, use has been made of analysis of variance 
and calculations with the t distribution. 


RESULTS 

The calculations are based partly on the absolute weights 
of the whole glands and their lobes, partly on the proportional 
distribution of the hypophyseal weights among the lobes- Thus, 
the size-values for the individual lobes were calculated as (a) 
absolute figures and as (b) relatwe figures indicating the size 
of the lobes in per mille of the total pituitary weight. By means 
of an analysis of the per mille values it was thus possible to 
check the accuracy of the results, which can be considered also 
to apply to the absolute size-values. 

To ascertain with what degree of probability the size-values 
obtained could have arisen at random in a homogeneous population 
essentially unaffected by the experiments, evaluations have been 
made with the aid of an analysis of variance (Table 2). The males 
with their control gi’oups, both the experimental groups together 
and the females were then each brought together and the quotients 
of the inter- and intra-class variations were calculated. 

For the males this analysis gave variance ratios that both as re- 
gards the whole gland and its anterior lobe could only in very ex- 
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The size-values of the pituitary body and lobes in different control and experimental groups. Normal, thyroid- 
ectomized and parathyroidectomized rats are indicated by N, T and P. The probability level has been calculated 
with t-analysis that the differences with their probable errors may appear at random in samples from a com- 
mon population. The number of figures are in accordance with customary practice determined by the .two 

figures of the probable error. 



cepUoiial caries ho ohlained in samples from a homogeneous popula- 
tion. If a limit is drawn at one of tiie.se quotient values, this pro- 
bability level would bo reached or exceeded in one case out of a 
thousand. Under these circum.stance.s it may be considered with a 
very high degree of probability that the weighns of the hypoph.v.sis 
and of its anterior lobe had been affected in one of the experimenl.s or 
possibly in both of them. .Any further direct determination of the pro- 
bability of different populaliott.s being ooticonicd is scarcely com- 
patible with the theoretical foundation of the analysis made. In .so far 
as differences appear in the weights of the posterior lobe they may 
presumably be attributed to chance. On the other hand, the tiuotients 
of variance for (he intermediate lobe rcj)re.sent !i probability level that 
lies below I per cent. For the proportional size of the lobes the pro- 
bability levels for tlie jiiiterior and posterior lo))e.s lie at about 0,1 per 
cent, and for tlic pars intermedia at about ‘,^0 per cent. Such displiicc- 
ments in the per millo figures for the anterior and posterior lobes 
would hardly occur witliin a homogeneous population. Perha)is it 
ought to be pointed out tlmt if the per mille value for the anterior 
lobe alters consitieral)iy that for the posterior lobe will thereby be 
altered, even if tlic absolute weight of tlie latter lobe remains un- 
changed. The fact is (hfit the per mille figure for one of tlie lobes 
can bo regarded as an index to the aggregate size of tlie two others. 

In the fcinaU’s tlio variance ratios of the hypojdiyses and the 
anterior lobes reprc.senl probtibilily levels below 5 per cent. The ratio 
for tlie per milio value of tiie iiosterior loiie corre.sponds to a pro- 
bability level between O.l iier cent and 1 per cent. Provided the 
average absolute .size of the posterior lobes is equal within the three 
groups, it may be taken that (here is only a very small degree of 
probability in favour of the aggregate relative sizes of the anterior 
lobe and the pars intermedia liaving been derived from a common 
population. 

I he cluingos that after tlie analysi.s of variance tiiuy ho expected 
to have occurred in certain of the size-values of the pituitary body 
cannot be exactly defined witliout a furllier statistical analysis. The 
1 eduction of the material has therefore been supplemented by the 
application of recognized statistical mclliods, including a t analysis, 
riie last-mentioned method is e.spceiaily suitable when comparisons 
etween small iiopulations are concerned, as it ensures a more trust- 
\\oithy evaluation of the probahilily of their luiving by chance been 
selected out of the same population. The results of these calculations 
have been brought together in Table ;J, which also gives the mean 
values and probable errors of the absolute and relative size-values, 
■1 v^alues * *^^^*'*^^ Iheir iirobable errors as well as the corresponding 
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In the males it is found that after thyroidectomy the pi- 
tuitary^ body undergoes a significant increase in weight. The 
increase depends essentially on a statistically significant en- 
largement of the anterior lobe. No doubt the pars intermedia 
also increases in size, and the /-value obtained here is only 
got by chance in 0.3 per cent. No change has admitted of being 
demonstrated in the absolute size of the posterior lobe. The 
relative size of the anterior lobe increases after thyroidectomy 
and shows a significantly larger per mille value, while the per 
mille value for the intermediate lobe appears to remain un- 
altered. In consequence of the relative increase of the anterior 
lobe the per mille figure for the posterior lobe shows a sta- 
tistically significant diminution. 

No evidence that parathyroidectomy affects the absolute or 
relative size-values of the pituitarj’^ body or its lobes has been 
obtained as a result of the probability evaluations undertaken. 
As intact parathyroid tissue was left behind in the majority of 
cases after thyroidectomy, and as no influence from parathy- 
roidectomy was discernible, it has not been possible to find 
any other cause of the size-changes undergone by the hypo- 
physis and its lobes than the extinguished function of the 
thyroid. 

In the females no demonstrable effect of thyroidectomy 
has been registered on either the absolute or the relative size- 
values of the pituitary gland. The w’hole gland and its anterior 
lobe show an insignificant increase that is smaller than its 
probable error. Parathyroidectomized female rats have lower * 
size-values both for the whole hypophysis and for the anterior 
lobe, and the diminution can be denoted as statistically 
probable. Probability levels lying at 7.2 per cent and at 2.3 per 
cent respectively have been here obtained. The relative size of 
the anterior lobe, like the latter’s absolute size, shows a lower 
value in the parathyroidectomized females. The /-value in 
question corresponds to a probability level of 3.8 per cent. 

In order to inquire further into the probability value of 
the weight-differences obtained, the size-differences have been 
calculated within each litter between the pituitary bodies of 
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the parathyroid ectomized females and those of the control 
females. When there were several control-animals in the same 
litter, one was used for the mean value of these in common. 
The mean value of the diminution \vas estimated in this way 
at 1.39 ± 0.54 mg. and the corresponding value for the anterior 
lobe at 1.56 + 0.56 mg. In the former case the diminution was 
2.5 times and in the latter 2.8 times greater than its probable 
error. No alteration in the size of the pars intermedia could be 


discovered. Nor is there probably any change in the absolute 
size of the posterior lobe, for the difference, 0.043 mg., is 
slightly larger than its probable error. ^On the other hand, the 
per mille value for the posterior lobe shows a statistically, 
probable increase that may be considered to mirror the above- 
mentioned diminution of the anterior lobe. 

The experimental results exhibit a remarkable difference 
on a comparison between males and females in that thyroid- 
ectomy has not had any demonstrable effect on the pituitary 
s^e-values m the females. Consequently it has not been pos- 
s,bh to verify earlier statements either of a decrease or of an 

absence of an increase in size does not lend any siipnorl to 
earlier experimental results pointing to a decrease 17^0 Lrl 

C n on experiments with 

parathyroid glands. * removal of the 


rats":tr;;7i,„^rr:2',r'‘'' of 

insufficiency has been the se!!uel7cl!’jr°'‘T’‘ 

After interventions of the kind in performed, 

body .eight has been regi J^d’urat^^''”;"""""'’ 

-'eon statistically ex^fnTdS^twat r f" 

"■eight differences at the besinni7 . “'o 

-'■ereupo-n Um mean x^luraTd^t'hTo'’^'" 

ferences have been, evaluated Tl7 “>0 dif- 

there is a --sell^I'^roT^ffa^r i::,t 
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the females of 8.8 ± 3.1 gm. Hence the difference is 2.8 times 
greater than its probable error in both cases. The diminution 
in body weight is not due to the explorative cervical incision 
that is also done in thyroidectomy. After the latter operation, 
which is more time-exacting and extensive, there does not 
arise any weight reduction than can be registered at the end 
of the experiment (see Table 1). 

The experiments undertaken show, in agreement with ear- 
lier reports in the literature, that the pituitary body of male 
rats increases in size after thyroidectomy. Examination of the 
size relations of the different lobes discloses that there is an 
augmentation in the weight of both the anterior lobe and the 
pars intermedia, while the posterior lobe remains unchanged 
in weight. The relative size of the anterior lobe increases. In 
females no evidence could be found of thyroidectomy having 
anj' effect on the size of the hypophysis or its lobes. 

Parathyroidectomy does not seem to affect this gland in 
the males hut in the females brings about a probable decrea.se 
in the absolute size of the gland and of its anterior lobe. 


DISCUSSION 

Some points of view on the connection between changes in 
the cell picture and in the size of the anterior hypophysis were 
submitted earlier by Brolin (1945), Brolin & Theander (1946) 
and Brolin & Ldfgren (1947). The presence of a cell-trans- 
forming process may he expected, with origin of basophil cells 
from other kinds of cells and then probably the chromophobes. 
The basophiles hypertrophize and, when increased demands 
are made for cell-activity, they vacuolize and collapse. Micro- 
morphologically, the reactions of the basophil cells to thyroid- 
ectomy and exposure to cold are identical and may be con- 
sidered on strong grounds to reflect the production of thj'ro- 
trophic hormone. In the cell-transforming process two ele- 
ments may be distinguished which affect the size of the an- 
terior lobe in two directions. Thus, this increases in size when 
large basophiles arise and becomes smaller when the supply of 



315 


these cells diminishes on account of their destruction. On the 
basis of these views the increased size of the anterior lobe in 
thyroidectomized males can be put into connection with the 
origin of the large basophilic thyroidectomy cells: Accordingly 
numerous, large, basophilic and vacuolized cells occur m the 
microscopic preparations. Tlie failure of an increase in size to 
appear in females may depend upon a more active destruction 

of the basophiles in them. 

In view of the agreement in the cytological reactions a 
comparison between thyroidectomy and exposure to cold is 
of interest. In the latter case there occurs a significant dimi- 
nution in the size of the anterior lobe in both male and female 
rats (Brolin, 1945). Which of the sexes exhibits the greater 
diminution has not been determined, hut in two series of ex- 
periments the numerical values of the decrease "svere greater 
in the females. In these experiments the anterior lobe of the 
pituitary body responded to the heavy demands imposed upon 
it by an increased incretion of thyrotrophic hormone, at the 
same time as there was an increased consumption of the cell 
material. Whether the destruction of cells is greater after thy- 
roidectomy or after cold exposure, is not clear. After thyroid- 
ectomy the hypertrophy and vacuolization of the basophiles 
seem to be more pronounced. Here, however, the microscopical 
preparation does not visualize a course but presents, so to say, 
a picture of a limited interval of time. It is unknown whether 
the pituitary bodies would become larger or smaller after thy- 
roidectomy than after exposure to cold if a number of nccro- 
biotic, vacuolized and large basophiles should disajipcar. 

To account for the increased size of the pars intermedia 
after thyroidectomy of male rats the tempting explanation 
cannot be employed that the behaviour of this ought to he ana- 
logous to that of the anterior lobe, since both these organs be- 
long to the glandular portion of the hypophysis. Analogous 
reactions of this kind cannot be postulated because after ca- 
stration of male rats, the increase in size of the anterior lobe 

IS not accompanied by a corresponding enlargement of the 
pars intermedia. 


Acta endocrinol. Vol. 1. IV. 
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The possibility that the reactions of the anterior lobe may 
be dependent on the pars intermedia can be excluded, for if 
rats whose posterior and intermediate lobes have been ablated 
are subsequently thyroidectomized, this does not prevent ty- 
pical thyroidectomy cells from arising in the anterior lobe 
{Brolin, 1947). 

That changes in the metabolic state of the body may effect 
the size of the pars intermedia, is a possibility that deserves 
attention.' To cold exposure, which brings about an altered 
metabolism, the pars intermedia responds by a statistically 
significant diminution in size (Brolin, 1945). Jackson (1917) 
likewise reports that the pars intermedia becomes smaller after 
inanition. Administration of ergosterine increases the size of 
the pars intermedia in mice (Agduhr, 1932). Lastly, it may 
be mentioned that the intermediate pituitary seems to diminish 
after castration of infantile female rats (Brolin & Ldfgren, 
1947). Among other metabolites coming in question in the 
experimental conditions mentioned it is perhaps justifiable to 
refer to derivatives of cholesterine, which presumably show 
an altered metabolism. For the present, however, it is not ^ 
possible to advance other than speculative and hypothetical 
views on the size-conditions of the pars intermedia. Nor is it 
possible on the basis of our present knowledge to fit into an}' 
causal connection the statistically probable diminution of the 
hypophysis and its anterior lobe that occurs after parathyroid- 
ectomy of female rats. 

With reference to the differences in the size of the pituitary 
body in the two sexes, it may be added that these do not merely 
consist of different mean values for the size of the whole 
gland and for its anterior lobe, for the females show a wider 
range of variation. With regard to the intermediate and po- 
sterior lobes no such sex-difference appears in the standard 
deviation. This fact has been observed by me in several earlier 
series of experiments, at which it also emerged that sex-dif- 
ferences in standard deviation are smoothed out after castra- 
tion. 
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SUxMMARY 

Concordant reports in the earlier literature are to be found 
to the effect that the pituitary body as a whole of male rats 
increases in size after thj^roidectomy, Avhile there is a diver- 
gence of views as to its size in female rats. 

In earlier investigations account has not been taken of the 
different lobes and insufficient attention has been paid to the 
role played by the parathyroid glands after thyioidcctomj » 

In the present study thyroidectomy alone and paralhyroid- 
ectom}' alone liaA'C been carried out on adult rats of both 
sexes. Besides the size of the pituitary body, the absolute and 
relative sizes of the lobes after volumetric reconstruction have 
been analysed by statistical methods. 

Thyroidectomy is followed by an increase in the total size 
of the hypophysis in the males, the anterior and intenncdiale 
lobes likewise showing a significant enlargement. The relative 
size of the anterior lobe increases and that of the poslcrior de- 
creases, although the latter’s absolute size remains unaltered. 
In the females it could not be demonstrated that thyroidectomy 
bad any effect on the size of the pituitary body or its lobes. 

After parathyroidectomy the pituitary glands of the male.s 
seem to be unaffected while those of the females show a sta- 
tistically probable diminution of (he whole organ and of ils 
anterior lobe. In concordance with this, the size of fhc posterior 
lobe presents a relative diminution in size bul no ab.solutc 
change. 


Males and females exhibit differences not only in the form 
of different mean values for the wliolc hypophy.sis and ils an- 
terior lobe but also in the fact that the dispersion of the. in- 
dividual observations is wider in the female rats. 

Some points of view are submitted concerning the role 
played by cytological factors in the piluilary size-changes. 


2 1 *** 
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From the Pharraaco-therapeutic Laboratory , 

University of Amsterdam. 

(t Professor E, LaQueur, M. D.) 

EXPERIMENTALLY 
INDUCED INTERSEXUALITY IN MICE 

BY 

0. M. DE VAAL 

By experimentally induced intersexuality is understood in 
this paper structural abnormalities in the urogenital system 
arising under the influence of various substances upon the 
embryo. The abnormalities that have sometimes been observed 
in the offspring of crosses between various races of animals, 
e.g, in some insects, as described by Goldschmidt, are therefore 
beyond the scope of this publication. 

A considerable number of animal species have been used 
for experiments in the embryo. Suitable objects are the eggs 
of birds, because in those the embryos are at every desired 
stage of their development within easy reach, and because the 
treatment maybe applied even before the embryo is formed. 

This report is on experiments performed on mice and ac- 
cordingly the considerations attached to the results will refer 
to mammals. 

The work of A. Raynaud (1942) deals especially with ex- 
perimentally induced intersexuality in mice. Its particular 
importance is due to a detailed account of the normal course 
of development of the urogenital system in the test animal. 
Without a sufficient knowledge of the histiogenesis no correct 
evaluation of the abnormalities in the test animals is possible. 
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Here follows a summary of the main points of the course of 
development. 

P. The first rudiment of the sexual gland; the gonad, be- 
comes visible on the 9th day of development; the dif- 
ferentiation into ovary occurs on the 11th day and into 
testis on the 12th day. 

2 °. The so-called heterologous sexual ducts, in the male the 
Mullerian ducts, in the female the Wolffian ducts, begin 
to involute on the 15th or 16th day. 

3°. Up to the 17th day of development the urogenital sinus 
behaves in both sexes alike. After that day a difference 
between male and female begins to manifest itself. In the 
male the sinus yields the urethra; in the female it gets 
divided by a frontal wall into a ventral part (the urethra) 
and a dorsal part (the distal part of the vagina). 

The proximal part of the vagina, which connects the distal 
part with the uterus, is formed from the so-called sinus 
cord, which extends from the dorsal side of the sinus roof 
to the place of union of the Mullerian ducts. 

4°. Whereas the Mullerian ducts in the male disappear entire- 
Ij', the male homologues in the female may leave some 
residues, e.g. in the form of prostate rudiments on the 
ventral and lateral side of the urethra near the neck of the 
bladder. 

The descriptions that have been given of the development 
of the urogenital system and especially of the development 
of the sinus urogenitalis in different animal species, do not 
fully agree with each other and several points are not yet 
clear. It is doubtful therefore whether Raynard’s description 
is applicable to other animals (rat; guinea-pig). It is even 
possible that not all races of mice behave alike. 

For the induction of intersexuality hormone-preparations 
were used, i. e. substances with oestrogenic and androgenic 
properties. 

Whereas for bird-embryos oestrogens are less toxic than 
androgens the inverse is true for the embryos of mammals. 
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Oestrogens prove to be toxic to them, and the ^ 

be obtained with these substances are therefore of little 
portance in comparison with those that are obtained with 
androgens. Tlie following report is confined to a study ot 
androgens. 

The methods that have been applied by the various in- 
vestigators differ considerably. The most commonly used one 
is that in which females are injected subcutaneously at 
various stages of their pregnancy with varying doses of an- 
drogens, usually with testosterone propionate. Occasionally 
injections were given into the amnion cavity (Dantchakoff 
in guinea-pigs). Marsupian embryos can be directly treated at 


a stage when they are still little differentiated. 

The total amount of androgen that has been used in the 
experiments with mice and rats varies considerably and is of 
the order of 5 — 50 mg. Sometimes even much higher doses 
have been applied. Injections during the first 9 to 15 days 
of pregnancy are often fatal to the embryos of rats and mice. 
More advanced embryos are more resistant. 

Other authors used to investigate intersexuality immediate- 
ly after birth or else within a few days: only in a few cases 
are autopsies of animals de.scribed after they had reached 
maturity. 


Details due to differences in method, dosage, kind of tcsl- 
aninials and time of dissection are irrelevant here. The fol- 
lowing survey of the general results obtained by the earlier 
authors will be sufficient. 

1. No change in the structure of the ovary was ever ob- 
served. 


2. The Mullerian ducts always develop normally. Very 

large quantities of androgen may slightly disturb the slruclurc 
ot the distal part of the duct. 

3. Parts of the Wolffian ducts may, according to circum- 

4 . The most characteristic anomalies have been observer] 
.n the urogeni,., sinus. The division into n vent™, tot: :::, 
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a dorsal vagina may entirely or partially be suppressed. As a 
result the sinus urogenitalis may develop into a urethra where- 
as the distal part of the vagina with its external orifice may 
be absent. 

The uteri communicate with the proximal part of the 
vagina that develops from the sinus cord. This part lacks as 
a rule an orifice and in the adult the uteri, unable to discharge 
their contents may expand to monstruous or even fatal 
volumes. Some authors*) mention a communication of the 
vagina with the urethra. 

5. The clitoris may assume the character of a penis. A 
normal urethra perforates the clitoris and it has its orifice at 
its top. 

In intersexes penile tissue and also an os priapi may 
develop. Moreover the so-called plica balano-praeputialis may 
bear a dorsal split that cleaves the clitoris, which in the normal 
female remains a circular fold. A glans may evaginate. 

Some authors*) have recorded other changes: a kind of 
hypospadia clitorialis with the urethra opening into the fissure 
on the dorsal side. This is not only observed after injection of 
androgens but also after that of oestrogens and progestational 
preparations: an indication that the influence is not specific 
but that it consist in an arrest of the normal development. 

6. Sometimes an arrest of the nipple development has 
been mentioned and various investigators have reported ab- 
normalities of the skeleton, skin, hair, salivary glands etc., 
but these changes seem of minor importance. In some respects 
the results of my own experiments deviate from those above 
enumerated. 


TECHNIQUE 

For the experiments white mice of our own breed were 
used. The pregnant female was subcutaneously injected with 
testosterone propionate in oil. It appeared that in order to 


*) See Raynaud, A., pag. 112 — 162. 
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()I)lain living young Uic injeclion had lo he adininislered al'lcr 
the seventh day of tlie pregnancy and that the doses had to 
he less Ilian 100 - jier day; the best results were obtained 
when the injections were given in the three to five last days 
before delivery. 'Fhe adininislration of higher doses or of in- 
jections at earlier stages of jircgnancy did, in contradiction to 
other slalcinenls in the literature, in our experiments hardly 
afford result as the animals in most instances did not pro- 
duce a living litter. 

Even with our cautious treatment failure was not excluded: 
the mice sometimes miscarried or there was partus serotinus 
with the delivery of macerated foetus or no foetus was 
delivered at all, when the embryos disintegrated in the uterus. 
Other animals that were injected with doses of the same 
strcngtli, however, bore viable youngs. (Table 1). The highest 
total amounts that were succesfuliy administered varied be- 
tween Sat) and aOO y they arc low In comparison with the 
amounts with wJiich other authors were able to olitain results, 
for the latter mention doses between a and 10 mg., and oc- 
casionally even higher amounts were used. 


KESULTS 

I. Macroxcopicallij visible abnnnualUics in the slnictnrc of 
the nro(jenil(il sijslem of inicrsexiuil mice of female origin. 
New-born animals have not been autopsied. Our data per- 
tain lo animals of So lo 120 days of age. 

Ovary, lube and uterus arc macroscopically normal (for 
microscopic details cf. II). Rests of the Wolffian duct were 
never met with, hut this is not surjirising since the Ircalmcnl 
began, as a rule, after the physiological regression of these 
ducts. 

The ahnormalilies ])rovcd lo be confined lo: 

a. the sinus urogenilalis and 

b. the clitoris. 

ad a. The abnormalities observed in the sinus urogenilalis arc 
not all of the same kind. Two main types may be distinguished. 
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each ot them with variations but there is no gradual change 
from the normal condition via one type to the other. 

The orifice ot the urethra, which in normal females .s found 
at the top of the clitoris (Fig. 1 A) usually in a short vertical 



Fig. I A. 

Urogenital system of normal adult female mouse. 


groove, shifts under the influence of small closes of androgen 
{2 — 3 times 50 y) to the base of the clitoris or sometimes even 
a little way up into the vagina. For this type, in which tirelhra 
and vagina have a common orifice through the normal orifice 
of the vagina we will use the name vaginal type (Fig. I B). 
Doses of the same strength, however, can produce an entirely 



Fi//. IB/ 

Urogenital system of adult female mouse with 
.sexuality (vaginal type). 


e.vperiinentu! 


inter- 
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different type of abnormality, although the latter is more 
easily obtained by longer treatment or a stronger dose (see 
table 1). In this case the urethra opens either at the dorsal 
side of the clitoris or on the top of it, but the orifice of the 
vagina and, in fact, the whole distal part of the latter is 
absent. The proximal part of the vagina may assume funnel 



Fig. 2. 

Paravaginal ducts in mouse with vaginal type of intersexuality. 


shape and discharge above the floor of the pelvis into the 
urethra. The common outlet is then through the urethra, whose 
external position is normal. We call this the urethral type. 

By the administration of androgen the normal course of 
development of the sinus urogenitalis is disturbed, but the 
ensuing difficulties are solved in such a way that the animal 
remains alive. It is noteworthy that also in cases of spon- 
taneous humoral (hormonal) intersexuality in women (in af- 
fections of the adrenal cortex) a vaginal and a urethral type 
are distinguishable. 

ad b. The clitoris also undergoes changes, but there is some 
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degree of correlation with the types considered in the pro- 
ceeding paragraph. In the vaginal type the clitoris is broad 
and of a sturdy build, and it is distinctly larger than normal. 
On the dorsal side a cleaving takes place, and the urethra 
finds its outlet in this cleft at the base of the clitoris. The cleft 
itself has on each side a deep red swelling of the mucosa. 
Laterally these swellings pass into the skin, cranially into the 
mucosa of the vagina. When the urethra opens into the vagina, 
the cleaving is often slight, but the clitoris is nevertheless 
broad and at the dorsal side showing the mucosal swelling. 

In the urethral tyi)e the clitoris is, as a rule, normallv 
developed, although sometimes a slight cleft and a swelling 
of the mucosa may he noted on the dorsal side. Sometimes the 
urethra opens exactly at the top of the clitoris and then the 
latter ,s externally of entirely normal shape and not enlarged. 


II. Microscopical aspect of the abnormalities in the strnctnre 
of sinus uropenitalis and clitoris. 

A. Sinus urogeniialis. 

I- Vaginal type. 

epithelium. This epithelium ni covered wiUi urethral 

dorsal face 0 , the 

to which reference already has ho swelling 

the common outlet is covered witirir^' 

The clitoris is not perfnr.f Vi <^PitheIium. 

filled with adipose tissue. Occtil^n ""^"'cly 

Pnapi is found. The plica os 

Around the vagina a peculiar is not deft. 

(V. infra). ^Ififerentnalion of tuhuli is noted. 

2 . UrefAral type. 

of the nee/oniiXf Ific vagina at the 1 • 

the bladder. In the connectirusl”^^^^^^^^^^ 
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vagina and urethra ganglia are found. In the connective tissue 
round the vagina small groups of ganglion cells are more fre- 
quent than normally. The connective tissue round these groups 
of nerve cells is often seen to be denser than usual, and 
epitheloid elements are present. 

A few sections lower a group of epithelial cells is found 
to form a cord extending in a distal direction in which as a 
rule, a lumen is formed. The number of these tubuli varies and 
it may be considerable. The first ones appear, as a rule, at the 
height of the bladder neck, 5 to 10 on each side. They some- 
times communicate. Further down new tubuli arise, soon 
closing to a ring round the vagina. Where the vagina opens 
into the urethra, tubules are separated into two groups, one 
ventrolaterally from the urethra, the other dorsolaterally, from 
the vagina. The tubuli round the urethra have sometimes 
openings in the latter, but more often they communicate with 
the glandular tissue situated ventrolaterally from the distal end 
of the urethra (peri -urethral glandular tissue). The tubuli 
round the vagina usuallj' open into the latter, but they may 
also end blindly. The epithelium of these tubuli always re- 
sembles that of the vagina, no matter whether they open into 
the vagina or into the urethra. Their lumen is, as a rule, rather 
narroAV, but sometimes it may exceed that of the vagina. The 
contents vary; they may consist of mucous detritus with leuco- 
cytes and epithelial rests, but the epithelium may also be corn- 
ified, and then the lumen contains cornified epithelial pearls. 
Mucification and cornification may be present in adjacent tu- 
buli, and even in different parts of a single tubulus. Horn 
masses may also be present in cases in which the vagina does 
not show the slightest trace of cornification, but on the con- 
trary is covered with mucoid epithelium. 

Fig. 3 is a section at the height of the opening of the vagina 
into the urethra. The presence of numerous folds in the epi- 
thelium of these tubuli is noteworthy, the common outlet of 
the urethra and the vagina has at the dorsal side epithelium 
of the vaginal type, and at the ventral side epithelium of the 
urethral type. Distally the wall is on all sides covered by 
urethral epithelium. 
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Fig. 3. 

Opening of vagina in uvethra in mouse witli urclliral type of 

intcrscxuality. 


The peri-urethral glands are always well dcvcloi)ccl. (Fig. 
3). In the distal part of the urethra its lumen assumes the 
shape of an anchor. This is the region of the sinus uretliralis. 

In the blades of the anchor arc the orifices of the excretory 
ducts of Cowper’s glands. These glands themselves may show 
a marked ditension, even where a satisfactory connection with 
the urethra seems to be present. 

B. Clitoris. 

In the clitoris we found venlrally from the urethra a stiff 
connective tissue provided with a few venous lacunae. This is 
to be interpreted as cavernous tissue, in the urethral Ij'pes an 
os priapi is always present, in the vaginal type often. The plica 
balano-praeputialis is normal, often strongly plicated, hut 
never split. The praeputial glands are large and often markedly 
distended. 
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The most striking peculiarity of mouse intersexes is the 
development of the numerous tubuli round the vagina with 
their different kind of epithelium. They show that there is a 
strong tendency to form evaginations ; this manifests itself 
also in the numerous folds observed in the epithelium. The 
formation of these tubuli replaces the development of a 
prostate as described by other authors and as observed by 
ourselves in experiments with rats. At first view one would 
be inclined to regard the tubuli as homologous to the prostate 
tissue, but the circumstance that the tubuli are also found at 
the dorsal side of the vagina as well as their extension in distal 
direction, makes one rather sceptic with regard to the correct- 
ness of this interpretation. 

The nipples in our animals, no matter of what type they 
are, were always well developed. There is no sign of a disturb- 
ed development, as has been mentioned in the literature. 


Ill, Functional condition of the genitals in experimentally in- 
duced intersexuality. 

Adult mice and rats with experimentally induced inter- 
sexuality have comparatively seldom been studied. Some 
authors*) describe premature oestrus that may seem to be 
persistent. This is in agreement with the condition of the 
ovaries in wdiich an early and strong follicle development is 
observed. Corpora lutea are only exceptionally reported in such 
ovaries. 

In our investigation, 67 to 120 days old animals have been 
examined. Our description applies to animals of the urethral 
type as well as to animals of the vaginal type. 

To begin with, the relative frequencj'^ of the nuclei in corpora 
lutea of the cycle as well as in corpora lutea of pregnancy was 
determined in normal mice. In our measuring apparatus the number 
of nuclei per unit of volume (a constant surface area multiplied 
with the constant thickness of the section) appeared to be in corpora 


*) See Raynaud, A., pag. 229 — ^234. 
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lutea of the cycle 40—44, and in corpora lutea of pregnancy 19—21, 
i. e, about half as much. This means that the volume of a single cell 
in a corpus luteum of pregnancy is about twice the volume of a cell 
of a corpus luteum of the cycle. 

C. Ovary. 

In three of the nine animals, sectioned at the age of 35 
days, corpora lutea were found. The follicle development in 



„ Fig, 4. 

our strain the ovary does not confo™” ’ '''* “ 

animal is 45-50 days old. ' «ie 
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ooutained corpora Intta f " ' 7 “ ov.':: 

»' 21 . pregnancy type with a Nr. count 
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The same phenomenon was observed in animals 60, 70 90 
and 120 days old (see Table 1). 

In some animals each ovary contained more than 20 corp. 
lutea of pregnancy, all of them showing a Nr of 20—21. Such 
ovaries looked like one that had been artificially luteinized with 
a gonadotrophin (Fig. 4). The vagina of such animals showed 



Vagina with rests of mucification of the epithelium. 

in some instances a distinct mucification or at least a cor- 
responding intermediate stage between cornification and muci- 
fication, that \vas never met with in normal mice (Fig. 5). 

The changes described above wmre not alwmys met with, the 
frequency of corpora lutea of pregnancy and mucification of 
the vagina can be seen in Table 2. In the other mice the vagina 
showed the oestrous appearance and the ovary contained no 
large corpora lutea resembling corpora lutea of pregnancy. 
Sometimes, however, old structures, suggesting that such cor- 
pora maj' have been present, w'ei’e found. 

It seems almost as if the animals with the large corpora 
lutea possess a three-phasic cycle. The diphasic cycle of the 
normal mouse seems to be supplemented by a progestational 
phase, as is normal in anthropoid apes and in women. It is 
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difficult to ascertain whether this cycle is regular and how 
long it lasts. It is in this connection of importance to note that 
the mammary glands were always undeveloped though some 
of the animals were unquestionably pseudopregnant at the 
time of autopsy. This may indicate that the progestational 
phase of the cycle cannot have lasted long. 


Table 2. 


Type of anini.'ils 

vaginal 

urethral 

vaginal 

urethral 


Kuml)cr of 
animals will) 
c, 1, Rrnv. 


N'timl»er of 
animals will) 
n)ucific<l vnfjtna 


70 

vaginal 

0 

1 

0 

urethral 

2 

GO 

vaginal 

6 

0 

urethral 

5 

0 


xlU II o 

urctliral ^ 1 q 
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sm rounded by a thin membrane ^ »io medulla is 
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The only constant reaction of the X-zone in the young 
mouse, which may be regarded as the equivalent of the X-zone 
of the adrenal cortex in the human embryo, is its disappear- 
ance after injection of the animal with androgens. 

In the mouse the X-zone is believed by some authors to 
consist of a special kind of cells and to be fundamentally dif- 



Corpora lutea of the cycle ovary of normal mouse. 

ferent from the other zones. Others disagree with this view. 

An examination of the adrenal glands of our test animals 
show that no abnormalities worth mentioning were present 
until they have reached an age of 6 to 8 weeks. The X-zone 
was, just as in normal animals of this age, strongly developed. 
When the animals were 8 to 12 weeks old, the X-zone began to 
exhibit differences: in the normal animals it was degenerated 
(Fig. 7 A), but in the test animals it was maintained and 
it even continued its growth. The weight of the adrenal glands 
increased in the test animals in this way to 6 or 8 mg., whereas 
in the normal ones it remained at 4 — 5 mg. 

Occasionally large adrenal glands were met with, weighing 
10 to 15 mg. Their X-zone proved to be strongly hyperplastic 
(Fig. 7B). Sometimes, they have shown an extraordinary 
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f ti P X zone were swollen and vacuolized, 
change: the cells of tl »adiposc-zone« is 

r "rr :: str„. as a ..e 



Fig. 7 A. 

Adrenal gland of normal adult female mouse, 



Fig. 7 B. 

Adrenal gland with hypertrophic X-zonc of adult female mouse 
with intcrscxualily. 

Its histiogenesis was revealed by the presence of small groups 
of non adipose cells scattered through the tissue (Fig. 7 C). 

The peculiar behaviour of the X-zone and particularly the 
fact that the fatty degeneration remains entirely confined to 
this zone, favours the view of a separate character assigned to 
this zone, though fatty change may also mark the ultrafinal 
stage in the life of aging cells. 
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DISCUSSION 

Relatively minute amounts of androgen (testosterone pro- 
pionate) injected in pregnant mice during the last days of 
the pregnancy period, induced in our experiments anomalies 
in the structure of the urogenital system. These anomalies ap- 
peared to be confined to the region of the sinus urogenitalis 
and the external genital organs. Two types of intersexes could 
be distinguished; a vaginal and a urethral type. 

No prostate tissue was found, hut the vagina and urethra 
was surrounded b3' a sj’^stem of tubules surmounted by nerve 



Fig. 1 C. 

Fatty degeneration of hypertrophic X-zone in adult female mouse 

with intersexuality. 

cells. The ovary kept its normal structure, but maturation was 
accelerated to a kind of pubertas praecox. In the absence of 
true pregnancy ovary as well as uterus and vagina were often 
found in a progestational condition; in a kind of pseudo-preg- 
nancy. 

The adrenal cortex also underwent remarkable changes, 
which might indicate the presence of a strong stimulus. 

Other authors have noticed only the early development of 
the follicles (pubertas praecox) and Raynaud pointed out a 
strong development of the X-zone in the adrenal cortex. 
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How are these anomalities brought about? As the animals 
did not receive a special treatment after their birth, the cause 
of the postfetal abnormalities should be intrinsic. Anomalies 
of the urogenital sinus and of the clitoris or of the clitoris 
alone suggest themselves as possible causal factors. 

It is known that the region of the sinus urogenitalis and 
the clitoris is a receptor area from where stimuli are trans- 
mitted to the endocrine system (during the coitus or incident 
to mechanical or electrical stimulation). In this way a change 
is induced in the hypophysis (gonadotrophic hyperpituitarism) 
which makes itself felt in the ovary. The latter responds by 
precipitated follicle maturation and by the development of 
corpora lutea of pregnancy; in this way a so-called pseudo- 
pregnancy is induced. 


stimulation of the nipples, e. g. by sucking young, induces 
n the hypophysis another change (laclotrophic hyperpiliiita- 
iism) by which lactation is started and maintained. In view 
0 the important part played by serial relalion.s of the kind- 
nnulation of receptor field _ hypophysis activity _ c "t v 
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with mucification of the vagina, and sometimes a remarkable 
fatty degeneration in the hyperplastic inner (X-)zone of the 
adrenal cortex were demonstrable. 
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From the Department of Experimental Histology. 
Kai'olinska Institutet, Stockliolm. 

rrnt jpakATIVE STUDIES OF THE HEIGHT OF 
TOYRMD ®LLS IN DIFFERENT FIXATIONS 

BY 


HJ. HOLMGREN and U. NILSONNE 

Every hisiologist must realize, that histological methods 
are, to a great extent, imperfect and in general give only an 
incomplete picture of the exact relationship within the cell 
and tissue. 

Not only are there greatly varying changes caused by the 
various fixing materials themselves, but the necessarj’ fixa- 
tion treatment of the living tissues causes far reaching changes 
in the vital relationships. The above mentioned statements 
may he thought to he so obvious to every histologist as to be 
superfluous. However, a study of literature on the same subject 
reveals that these »obvious« observations are not always con- 
sidered, so that we believe it necessary to at least draw atten- 
tion to them. 

Fixation and further treatment of various tissues causes 
swelling and shrinkage in various degrees, depending both 
on the treatment and the tissues. 

In studies of the thyroid gland’s activity, one has generally 
used the follicle cells’ height as a true measure of gland func- 
tion. It is of course to be admitted, that in all similar cases, 
it is of the gieatest importance that the treatment of various 
preparations will be as homogeneous as possible, otherwise the 
results may be mismterpreled. It is ot the greatest importance 
that each im-estigator uses the same methods, or at least under- 
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stands that different treatments can yield different results 
Comparisons of results from different investigators must be 
analysed with the above statements in mind. 

In general, total shrinkage with fixation and paraffin em- 
bedding is approximately 10 — 30 per cent, depending on the 
nature of specimen, fixation and further treatment. It is in- 
teresting to note that osmium tetroxid seems to cause a re- 
latively insignificant shrinkage. Hursh (1939) found a shrin- 
kage of 10.1 + 0.16 per cent in isolated nerve fibres. He even 
showed that when the whole nerve shrunk by 23.6 + 1.2 per 
cent, the connective tissue shrank more than the nerve fibres. 
Rexed & Sivensson (1941) compared nerves fixed ^^^th osmium 
with nerves fixed and stained by Alzheimer-Mann method mo- 
dified by Hdggqvist (1936). They showed that the latter me- 
thod produced 25 per cent shrinkage. Later Rexed (1944) 
showed that in nerves treated by both above mentioned 
methods, the nerve fibi*es’ diameter shrank 24.4 + 3.9 per cent 
less in fixation and staining by Alzheimer-Mann than by os- 
mium treatment. Other methods such as Weigert’s, showed that 
thej^ too had the same shrinkage effects as Alzheimer-Mann. 
Of even greater interest is the author’s discovery that the 
diameter of nerve fibres after 24 hours fixation in 10 per cent 
formaldehyde is the same as in original nerve tissue. In 4 per 
cent formaldehyde, however, there is a definite swelling effect. 

According to various investigators (lit. see Rexed, 1944) the 
fixation in formalin and various formaldehyde concentrations 
causes different changes in volume. Thus, formaldehyde solu- 
tions 5 per cent, causes swelling, 10 per cent solutions will not 
cause any changes. It must be mentioned that Patten & Phil- 
port (1921), investigating fixation and embedding changes 
on length of pig embryos, found that 4 per cent formaldehyde 
caused 5 per cent swelling. Shrinkage when preparations were 
ready for paraffin embedding rose to approximately 20.5 per 
cent. Block (1948) states that length shrinkage of ovaries 
fixed in 4 per cent formaldehyde was 12.7 per cent and volume 
shrinkage about 33.4 per cent. 

With reference to thyroid cell and gland cell relationships 
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in different fixations, there does not exist, as far as wc know, 
any work that previous to this paper has treated more deeply 
in histological manner, this fundamental problem of activity 
measurements. A study of the literature which attempts 
through measurement of thyroid cells’ height to estimate the 
gland’s activity, reveals that the gland has been fixed in various 


fixatives such as formaldehyde, Susa, Zenker’s solution, Bonin’s 
solution (lit. see Borell & Holmgren, 1943, Borell. 1945). Of 
interest are Wilckes’ (1934 — 36) investigations of the thyroid 
gland’s histological picture by fixation with Susa and formal- 
dehyde. The author has used thyroid material from untreated 
guinea-pigs, some from ])igs treated with thyrolrojihin. The 
gland’s aviivily has been judged according to Hcvl's and La- 
qner s scheme Wilclte found in most cases a highei cpifhelium 
m Susa fixed thyroid glands tlian in foriiialdchvdc treated iii-i- 
lerial, which shrank instead. Wiicke’s foriiiol is a 10 per ceiil 
-solution of the usual iinneiilralixed coiniiierciiil foriiialin 
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Table 'I. 

Follicle cell height — in microns. 


Animal 


Formaldehyde 

•Susa 



her 

4 per cent 

10 per cent 

20 per cent 

Bonin 

Carnoy 

949 

7,7 -f 0,10 
a— ± 0,52 

7,2 -f 0,11 
a = ± 0,55 

7,1 4- 0,14 

0 — -f 0,63 

10,2 4- 0,11 
(r=± 0,56 

11,0 4-0,21 
o = + l,03 

7,3 4- 0,14 
= ± 0.72 

950 


7,7 -I- 0,03 

0 = + 0,17 


10,0 4- 0,11 

0 = + 0,57 

9,9 4- 0,33 
cr= 4- 1,63 

8,1 4- 0,14 

0 = + 0,14 

951 

6,5 4- 0,21 
<T=-_ + 1,23 

7,7 + 0,10 

0 = + 0,49 

6,5 + 0,29 
a— + 1,45 

10,6 4- 0,13 

0 = + 0,66 

10,9 4- 0,33 

0 = ± 1,64 

7,1 -4 0,17 

0 = ± 0.87 

952 

6,8 F 0,25 

0 = ± 1,23 

7,3 4- 0,16 
o=± 0,79 

6,6 4- 0,23 
± 1,13 

10,0 4-0,15 

0 = ± 0,73 

10,6 '± 0,40 

0 = 4i 1,98 

6,7 -4 0,25 
o = ±l,25 

953 

7,2 + 0,27 

0 = + 1,33 

7,6 ± 0,23 

O' — + 1,15 

6,9 4- 0,22 
a~± 1,09 

10,4 4-0,11 
o~± 0,55 

10.8 4- 0,38 
a=± 1,91 

7,4 4- 0,24 
o = + l,19 

Mean 

7,1 

7,5 

6,7 

10,1 


7.3 


973 


12,1 4- 0.17 

0 = 0,85 


12,4 ± 0,15 

0 = 0,77 

12,2 4- 0,35 

0 = 1,73 

10,4 4- 0,26 
a -1,20 

974 




12.4 ± 0,14 

0 = 0,72 

11,8 ±0,39 

0 = 1.94 


975 

11,5 4- 0,23 
a =1,50 


11,7 ±0,31 

0 = ± 1,55 j 

12,6 ±0,17 

0 = ± 0,83 

12,9 ± 0,35 

0 = 1,73 

11,9 + 0,27 

0 — ± 1,37 

975 


11,6 ±0,23 

0 = 1,15 

11,3 4-0,32 

0 = ± 1,61 

12,6 ±0,12 
o = ± 0,51 

12,3 ± 0,37 
a =1,85 

10,6 + 0,38 

0 = 1,74 

977 

10,8 ± 0,32 

0 = 1,62 

11,1 ±0,25 

0 = ± 1,23 

11,9 ±0,29 

0 = 1,44 

12,4 ± 0,15 
a = 0.77 

12,4 ± 0,40 

0 = 1,98 

10,6 + 0,35 

0 = 1,74 

Mean 

10,9 • i 

11,5 : 

11.3 

12,5 

12,3 



Animals no. 949—953 untreated. 

Animals no. 973 — 977 treated with thyrotrophin (Ambinon, Orga- 
non). 
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results 

Table 1 gives tbe values toe the cel, 
fixed in various manner. The first five animals (949~9o3) 
are normal, the following five (973-977) were treated w.lh 
thyrotrophin. This was done so as to ascertain if changes in 
cell height of active glands in various fixing solutions are 

similar to changes in normal glands. 

From the results it can be seen that cell heights arc the 
same, to a great degree when the gland is fixed in different 
formaldehyde concentrations. It is of interest to note that cell 
heights in certain cases except one (No. 974) arc smallest in 
fixing with 20 per cent formaldehyde. The difference between 
the values of cell heights in normal thyroid glands fixed in 
10 and 20 per cent formaldehyde is 0.8 p. The cell lieigbl dif- 
ferences for thyrotrophin treated animals is 0.2 p. 

Comparison between values for cell heights for glands fixed 
in Susa and Bouin and those already described, however, 
reveals greater differences. The difference between the Susa 
value for normal animals and the corresponding value for 
glands fixed in 10 per cent formaldehyde is 2.5 p. Correspond- 
ing difference between Bouin and formaldehyde fixed glands 
is 3.1 p. The differences of cell heights in the (hyrotroj)liin se- 
ries' arc not quite so large. In the first case the difference is 
1.0 p, in the other case 0.8 p. II seems that here llic different 
fixing solutions do not affect the cell heights as much as in 
normal cases. The cell height of glands fixed in Carnoy agrees 
best with the value in a 4 per cent formaldehyde fixed* thyroid 
specimen. Tlie reason that lhe.se two fixing s'olulions give one 
and the same result is that in the 4 per cent formaldehyde the 
partly hardened tissue shrinks considerably in dehydration, 
winch shrinkage also occurs when the fresh gland is fixed in' 
the strongly alcoholic Carnoy. The differences between the 

fixed b> S„r" "ff ‘ 

t e ted wrr '■ 

treated with hormones, arc strikingly barge 

K one finally comimres the values of cell hciglUs fnr 
ond Bourn fixed thyroid glands, no large "^i! Tm 
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Fig. F 

a) Thyroid fixed in 4 per cent formaldehyde. Low epithelium height 

(6.5 |.i). Nucleus and cytoplasma greatly destroyed. Colloid 
vanished. Animal 951. 

b) Thyroid fixed as in a). Animal treated with thyrotrophin. 

Epitlielium lieight 11.5 p. Colloid as in a). Animal 975. 
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Fuj. 2. 

a) Thj'roid fixed in Bonin. Epitlicliuin lieiglil 0.9 ii. Nuclons and 

cytoplasma well fixed, colloid also well fixed. 

b) Same thyroid as in 2 a) fixed in Susa. Epitlicliuin lioiglil 10.0 ^i. 
Also in tins case good fixing of nucleus and cytoplasma. .•Vniinal 0.50. 



346 


found. It seems necessary to point out, however, that the 
margin of error for Susa fixed thyroid glands is considerably 
less than for Bouin fixed glands. This is so not only because 
the cell heights are more even in the individual gland in the 
first case, but also because it is easier to see the cell boundaries 
in Susa fixed preparations than in Bouin fixed cells, thus it is 
easier to get more accurate measurements. 

The different fixing solutions affect not only the cell 
heights of the cells. In formaldehyde colloid is, in general, bad- 
ly fixed, especially in 4 per cent solution (fig. 1). In these pre- 
parations one finds none, or only isolated remains of colloid 
in the follicles. In the higher concentration the colloid is bet- 
ter fixed. The cytoplasm in the follicle cells is very badly 
preserved in formaldehyde solution, especially in the 4 per cent 
solution (fig. 1). In most cells, the cytoplasm is seen only as 
a thick, wormlike, uneven net. The nucleus is seen as a dark, 
compact body with very little chromatin. In general, it appears 
that formaldehyde in low concentrations is a very unsatisfac- 
tory fixing medium. In higher concentration of formaldehyde, 
the cytoplasm and the nucleus is better preserved. Cell and 
nuclear membrane, as well as chromatin can be readily dif- 
ferentiated. 

In Susa and Bouin the colloid is much better preserved than 
in formaldehyde fixed preparations (fig. 2). Follicle cells are 
well defined, the cytoplasm .shows an even net-like structure. 
The cells do not present an even surface in the follicle lumen 
hut present more or less cupole-like surface against the lumen. 
Especially is this noticeable in thyroid cells from hormone 
treated animals (fig. 3). The nuclei with well defined nuclear 
membrane and marked chromatin nets, can be seen. 

The colloid is well fixed in Carnoy and especially in the 
follicles on the perifery the colloid fills the follicle lumen. Cell 
boundaries are easily seen and the cytoplasm has a net-like 
structure. The nucleus has a marked membrane and a very 
clear chromatin net. 

Of all the fixing materials tested, the last three give the 
best cytological pictures. Carnoy fixes quickly but unevenly, 




FUj. S. 

a) Thyroid fixed in Bouin. Cells well preserved. Colloid relatively 

well preserved. Epithelium height 11.8 ji. 

b) Same thyroid fixed in Carnoy. Good fixing. Cell height 10.5 ji, 

Animal 974. 
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so that the outer parts of the preparation harden the best. Susa 
and Bonin give, instead evener and surer results. 

The fixation experiments have shown with extreme clarity, 
that the method of fixation has a great effect on the final form 
of the individual cell. The results have shown unquestionably 
that in all studies for the ascertaining of cell changes the 
same fixative must be used throughout. Even the time and 
later treatment must be the same. It is important that the 
cell boundaries and other details can be easily seen, in other 
words the fixing process must be as complete as possible. One 
must always remember that the microscopes’ image is not the 
same as the true form. Carleton (1938) stated the above in 
the following words »In fact the fixed cell is to protoplasma 
what the embalmed body is to a living man — a more or less 
accurate imitation«. 

In the thyroid studies we have made {Borell & Holmgren, 
1943, Borell, 1945, Borell & Holmgren, 1948, Holmgren & Neu- 
mann — not published) we used Susa fixation for 24 hours 
to harden the glands. This we have done so as to keep a homo- 
geneous material which could be used for comparison purposes. 

Our studies have clearly shown the variations of cell height 
caused by different fixing methods. As cell heights are often 
used as a measure of thyrotrophin effectivity, it is stressed 
that various investigators use a uniform technique. As formal- 
dehyde is a very poor fixative, cytologically speaking, we sug- 
gest that in the future Susa or Bouin will be used as fixing so- 
lution. 


SUMMARY 

The cell heights have been measured of guinea-pigs’ thyroid 
glands in various fixing solutions with help of an ocular micro- 
meter. The following results have been found; 

1 ) In 4 — 20 per cent solutions of formaldehyde the cell 
height is practically the same, for normal glands and activated 
glands. 

2) Susa and Bouin solutions give the highest values and 
both lie at the same height. 
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3) Carnoy fixing gives the same values us fixing in u i per 

cent formaldehyde solution. . . , • , tuo 

4) Susa and Bonin give the best histological rc.sulls. Ill 

preparations are uniform and well fixed. 

5) The necessity of a uniform method in cell height meas- 
urement experiments is strongly indic.itcd. 
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From the Biological Department 
of Lovens kemiske Fabrik, Copenhagen. 

THE INFLUENCE OF ESTERIFICATION UPON 
THE BIOLOGICAL ACTIVITY OF OESTRADIOL 
IN RATS AND MICE 

BY 

K. PEDERSEN-BJERGAARD and M. T0NNESEN 

The protracted influence of the esters of oestrogenic deri- 
vatives of phenanthrene was first demonstrated by Butenandt 
(1931) and Butenandt & Stormer (1932), who assumed that 
the cause was to be found in a slow saponification of the 
esterified forms in the blood. Afterwmrds, however, Deanesly 
& Parkes (1937) showed that in the case of intravenous in- 
jection there was no difference in the duration of the effect 
of the free and the esterified substances ; and after the studies 
published by Pedersen-Bjergaard (1939), the explanation must 
be the different rate of resorption from the oil depots. Studies 
of a number of aliphatic esters of oestrone and oestradiol have 
proved that the protracted effect is proportional with the 
length of the acid chain, but that sometimes this protracted 
effect is achieved at the expense of the strength of the pre- 
paration {David, de Jongh & Laqueur, 1935, Parkes, 1937, 
Deanesly & Parkes, 1937, and Miescher, Scholtz & Tschopp, 
1937). 

In the present work the significance of the strength and 
the duration of effect of esterification on the substances was 
examined partly by means of the vaginal cornification test on 
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„ ,W Ihc muscle nclivily test on mU.U 
„ice and rats, and ".fen from oil deimls 

spayed rals. oeslradiolmonol.en- 

SeCdtsl— 


11 Dclcrminction of the effcctwe dose. 

The oeslrogenie acllvUy of 

zoateandoeslradioldipropiona c^^a , weight 20 g.) 

eornificalion lest on adult spay, '- j™ s.d,- 

and rats (averago ivc.ghl 8->- smears 

cutaneous injection ot an m - • 

ivas esamined from 50 lo 100 hours later (smUi the M i l 

ses used a longer period of 

The quantity producing vaginal eornificalion in oO |h i coni 
of the animals xvas sclccled as the nnil or rcffeclivc .loses 
(E D 50). The result is shown in Tahlc. 1, from which il wi 
he seen lliat ll.e dose of 0. D. P. mi.sl he four times ll.al of 
0. M- B, for mice and twice as mucii 0. P. P. 
rats; in the case of mice il requires 88 times as nuich free 0 
and for rats 26 limes as much free O as O. M. B. wlic.n the 
dose is applied in one oil injection. 


Table i. 


Quantity of oestrogenic sulistunce in oi! iiulueing vaginal cornifini- 
tion in 50 per cent, of the animals after one suhcntnueavis injeelioii. 



r" ! 

! ■ i 

! f/R ortlnuli"!- 

‘ Hi; 


j iiK Di’slnriVuil j 

j IWWtiln'HXiltlP 

1 dijinniinuuU' 

} 

spayed mice 

4J 


0.2 

spayed rats 

5,2 

0.20 



) The abbreviations 0, 0. M.H. and O.D.P. uve oreasioniiUy 
employed in the text. 
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2) Duration of oestrus measured by vaginal cornification test. 

The results of the experiments with vaginal cornification as 
a test object are shown in Table 2. Twenty animals were em- 
ployed for establishing each value. The deviation with which 
each determination was made is much greater than that in- 
volved in the values given in Table 1 and amounts to about 
25 per cent. 


Table 2. 

Average number of days of vaginal cornification after administering 
the oestrogenic substance in one oil injection. 



Spayed mice 

Spayed rats 

Substance 

Oestradiol 


Oestradiol 


in/Jg 

Free 

benzoate 

diprop. 

O.M.B. 

Free 

benzoate 

diprop. 

O.M.B. 



1 




O.D.P. 



‘ daj’s 

days 

days 

days 

days 

0.4 

0 

6 

9 

1/1.5 

0 

2 

5 

1/2.5 

4.0 

0 

12 

17 

1/1.4 

0 

3 

8 

1/2.7 

40.0 

5 

22 

30 

1/1.4- 

3 

6 

17 

1/2.8 

400 

12 

34 

43 

1/1.3 

4 

.13 

36 

1/2.8 

4000 

— 

61 

87 

1/1.5 

— 

19 

75 

1/3.9 


It will be seen from Table 2 that the esters have a con- 
siderable protracted effect compared with the free oestradiol. 
The relation between dose and duration of effect appears from 
Figs. 1 and 2, which shows that there is linear dependence be- 
tween the logarithm of the dose and that of the duration of 
the effect as expressed in the number of days. 

If with the help of Figs. 1 and 2 we find the doses of 
O. M. B. and O. D. P. that produce the same effect-duration of 
vaginal cornification in mice and rats respectively, we arrive 
at the values shown in Table 3. 

It will be seen that the longer the effect is desired to 
be, the greater is the difference between the required doses 
of O. M. B. and O. D. P. for rats. For mice, however, the 
relation between O. D. P. and O. M. B. is constant: 1/3.8, re- 
gardless of the effect-duration. In agreement with these values 
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Fig. i. 

Relation between the logarithm of the dose in jtg and that of the 
numbei of days in wliich spayed rats have positive vaginal smears 
after one injection of ocstradioldipropionnte (2) and oestradiolmono- 
benzoate (1). Abscissa; Logarithm of the dose in pg. Ordinate; Loga- 
rithm of the number of days with positive vagina! smears. 

On Ihc other hand, if we require an expression of the du- 
ration of the same qtiantilics of O. M. B. and 0. 1). P„ \vc sec 
that for both mice and rats there is a constant relation, for 
mice approximating 1/1.5, wliich means that the effect of 
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Fig. 2. 

Relation botAvecn' the logarithm of the close in |.ig and that of the 
numher of days in which spayed mice have positive vaginal smears 
after one oil injection of ocstradioldipropionate (2) and oestradiolmo- 
nobenzoate (1). Abscissa- Logarithm of the dose in pg. Ordinate: Lo- 
garithm of the numbe. of days with positive vaginal smears. 

O. D. P. lasts about 1.5 limes longer than O. M. B. For rats 
the relation is about 1/3, meaning that the effect of 0. D. P. 
lasts about three times as long as O. M. B. This agrees with the 
fact that the curves in figs. 1 anti 2 are all straight lines, pa- 
rallel for mice hut not for rats. 


3) Duration of effect measured by muscle activity test. 

Our experiments on measuring muscle activity were per- 
.ormecl on spayed female rats by means of Buybee & Sim- 
mond’s method (1926) as modified by Hemmiiigsen (1933). 
The rat is placed in a cage connected w'ith a rotating wheel, 
to which the rat has unhindered access. A cyclometer is placed 
on the wheel to register the numher of revolutions in both 
directions. The circumference of the wheel is 1 metre, so that 
one revolution corresponds to that distance. Before expert- 
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meriting on the animal a determination is made of the niimhci' 
of metres travelled by it in the course of 24 hours. For young 
adult spayed rats the distance was a few hundred metres 
a day. 


After being injected with large quantities of oestrogenic 
substance the rat will increase the distance travelled by about 
ten times, i. c. instead of running a few hundred melre.s it 


now runs some kilometres in a day. We then determined the 
number of days in which the rat displayed increased muscle 
activity and also the number of revolutions it runs in the pe- 
riod of increased muscle activity, as well ns the average num- 

her of revoliKions in Ihc pcriocl. The re.snll.s arc sun, arize, I 
m cables 4 and 5. 



;i.iX r*s;,a;;':;;:xra:^ - - 

the other hand, the daily dkt Intvellcf! 

■“^tantas far as 0 Ar n • ^^^•‘'tance travelled is f-,irtv 

. tmV: 

I, j, ij , 

• "‘•u the same 
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Fig. 3. 

Relation between the logarithm of the dose in |.ig and the logarithm 
of the number of days in which rats display increased muscle 
activity after receiving oestradiolmonobenzoate (1) and oestradioldi- 
propionate .(2) in one oil injection. Abscissa: Logarithm of the dose 
in [,ig. Ordinate: Logarithm of the number of days with increased 

muscle activity. 


weight-volume of O. D. P. produces a muscle activity lasting 
2.3 times as long as O. M. B. does. If with the aid of fig. 3 we 
find the doses of O. M. B. and O. D. P. which produce the same 
effect-duration of the muscle activity, we arrive at the values 
shown in Table 5. 


Table 5. 

Relation between the doses of oestradiolmonobenzoate and oestradiol- 
dipropionate required to produce a certain duration of muscle 
activity ^“read from the curves in fig. 3). 


Effect days 

/(g inonobenzoate 

/«g dipropionate | 

dipropionate 

monobenzoate 

7.5 

7.59 

0.31 

1/24.4 

15.0 

83.2 

3.71 

1/22.5 

30.0 

871.0 

43.7 

1/20.0 

60.0 

9120.0 

501.2 

1/18.0 





357 


From Table 6 it will be seen ll.al Ihe relation between the 
doses of 0 D P. and of 0. M. B. required to produce the same 
effect duration as expressed by muscle aclhnty in contrast to 
the effect duration expressed by vaginal cornificalion is fairly 
constant at 1/20. 


4) Resorption of oil and oestrogenic substance from sub- 
cutaneous depots. 

We injected subcutaneously 1/2 ml. sesame oil containing 
the oestrogenic substance into 10 rats and 20 mice per dose. 
Ten days after the injection the animals were killed and llie 
residual oil depot was withdrawn with a syringe and fillcrcd 
through dry filter paper. The syringe and filler were then 
washed with ether. The ether was removed froin the aggregate 
filtrate by heating, whereiipon the volume of tlm oil was mea- 
sured. The content of oestrogenic substance was titrated on 
mice and rats, ten animals per dose being employed. The re- 
sults are shown in Table 6. 

Tabic 6. 

Resorption of oil and oestrogenic substance in .sj)n.ved rats and mice 
tendj^’s after one subcutaneous injection of 0.5 mi. 


Animnl 


Rats 

» 

}> 

Rats 

» 

» 

Mice 

)> 

» 

Mice 

j) 

» 
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The quantity of oil recoverable after ten days is about 2.4 
times larger for mice than for rats. It will also be observed 
that the residual oestrogenic substance in the oil depot is fairly 
constant for both animals when the calculation is made as a 
percentage of the injected quantity and is quite independent 
of the size of the doses. Therefore it is permissible to make an 
over all comparison of the resorption from the subcutaneous 
oil depots containing different weight-volumes of the same 
substance. In the experiments referred to in Table 6 the doses 
is given to rats were ten times as large as those given to mice, 
because the quantities injected must be large enough to pro- 
vide sufficient substance for titration ten days later. Although 
the mouse is two to four times more sensitive to these oestro- 
gens than the rat, Tables 2 and 3 show that, at any rate with 
O. D. P., rats must he given doses about ten times as large as 
those given to mice in order to obtain the same effect-duration. 
As far as the rat is concerned, after the ten days there is about 
14 times as much O. D. P. as O. M. B. left in the subcutaneous 
oil depot. With the mouse, four times as much 0. D. P. is 
found to be unresorbed as O. M. B., which means to say that 
O. M, B. is resorbed much more readily from the subcutaneous 
oil depot than O. D. P. As regards O. D. P., the relative un- 
resorbed quantity of substance averages three times more in 
mice than in rats, whereas for O. M. B. the average is ten 
times more. 


DISCUSSION 

It is quite evident from the results recorded above that 
O. D. P. in relatively large doses possesses a much greater pro- 
tracted oestrogenic effect than O. M. B., whereas in doses just 
capable of inducing oestral reaction in spayed rats and mice it 
is less active than O. M. B. On the other hand, it is impossible 
to say how much more active O. D. P. is than O. M. B., such 
a comparison being dependent on the dose used, the test em- 
ployed for arriving at such a decision, and w^hether rats or 
mice are employed. The question is also complicated by the 
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fact that the curves of O. M. B. and 0. D. P. are not parallel 
rats are employed in the tests, but only when the an.mnls 

are mice. _ , 

If it is desired to know how much more O. M. than 

0 D P. must be used to keep the animals in the ocslral slate 
for a given period, it is found that for the wliole of the dosage 
interval employed we must use four limes as much 0. M. B. 
as 0. D. P. when mice are the animals, whereas in corrcsi)ond- 
ing dosage intervals for rats we require 29 to 346 limes more 
0. M. B. than 0. D. P. If muscle activity is employed as the 
basis of determination, we find that 20 limes as much O, M. B. 
as 0. D. P. must he used. 

If on the other hand we require to know for how many days 
the animals can show positive vaginal smears when dosed 
with the same quantities of 0. M. B. and 0. D. P., we find that 
0. D. P. is 1,5 times as active as O. M. B. in mice and Ihrce 
times as active in rats. Employing muscle aclivily as the cri- 
terion, wc find that O. D, P. is 2.5 limes as active as 0. M. B. 

Thus when we inject large doses of 0. D. P. and O. M. B. 
into mice and rats we get all possible ])roporlions from 1.5 to 
346. What the position is in the female human organism can 
therefore only be determined hy cxpcrimcnls upon ovaricclo- 
mizecl or posl-cliniaclerial women. However, llicrc can hardly 
be any doubt but that here again large doses of 0. D. P. will 
prove to he superior to 0. M. B, 

The tests of the concentration of oestrogenic substance in 
the oil depots after a certain period showed lhal llie concen- 
tration of the residual oestrogenic sui)slancc expressed as a 
percentage of the quantity injected is fairly constant for hotli 
mice and rats. This might mean that in the living organism 
strogenic substance passes from the oil phase to the 
- er Phase according to the same laws as thoie governing 
between two mutually unmiscihlc phases. ^ 



360 


SUMMARY 

Applied in small doses, oestradiol monobenzoate (0. M. B.) 
is more active than oestradiol dipropionate (O. D. P.) in both 
spayed mice and spayed rats when the substances are in- 
jected in oil solution, and the the effect is measured by means 
of the vaginal cornification test. 

On the other hand, measured by the same test 0. D. P. 
in larger doses produces a much more protracted effect in both 
mice and rats than O. M. B. The same effect-duration is ob- 
tained in mice with O. D. P. and O. M. B. in the proportion of 
Vi throughout the dosage interval tested. For rats, on the 
other hand, the longer the duration is desired, the more 
O. M. B. must be used than O. D. P. For an effect of 71/2 days, 
29 times more O. M. B. than O. D. P. must be injected, and 
for a 15 days’ effect 71 times more. 

Measured by muscle activity on rats, the same effect du- 
ration is obtained with 1 part of O. D. P. as compared with 
20 parts of O. M. B., regardless of the whole of the dosage 
interval. 

Applied in larger doses the same doses of O. D. P. in mice 
produce an effect 1.5 times as long, in rats three times as long 
as O. M. B., measured by the vaginal cornification test. Mea- 
sured by muscle activity on rats the same doses of 0. D. P. 
produce an effect lasting about 2.5 times as long as 0. M. B. 
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From the Biological Department of Lovens kemiske Fabrik, 

Copenhagen. 

COLORIMETRIC ASSAY OF TESTOSTERONE 

BY 

AA. THEIL NIELSEN 

This paper extends previously published work {Theil Niel- 
sen, 1948) concerned with the quantitative assay of androgens 
in simple solutions. It describes a convenient procedure for 
the determination of testosterone. The work was undertaken 
with the expectation that such data will be of value in the 
development of assay methods applicable to more complex so- 
lutions, e. g. pharmaceutical preparations, extracts of bio- 
logical materials etc. 

Since the discovery of testosterone, very few suitable che- 
mical methods have been published for the quantitative deter- 
mination of this hormone. Heretofore, the colour reaction pro- 
posed by Koenig et al. (1941) has been the only relatively spe- 
cific colorimetric method for testosterone. 

While studying the sulphuric acid method for dehydro- 
androsterone {Theil Nielsen, 1948) the writer observed that, 
under certain conditions, testosterone and the closely related 
androstenedione (3,17) gave a strong colour reaction with the 
sulphuric acid reagent. Below is an attempt at adapting the 
reaction to quantitative purposes. 

EXPERIMENTAL 
1. Principle of method. 

Two modifications will have to be described: 
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A test-tube (180 X 20 mm.) containing the Icsloslcrone 
(dry) is placed in an ice bath. 1 ml. sulphuric acid is added 
and mixed with a stirring rod. The tube is healed in boiling 
water for 5 minutes, and then replaced in an ice bath. Next 
4 ml. of 25 per cent, alcoholic sulphuric acid (one volume 
sulphuric acid diluted with three volumes ethanol) arc added. 
After thorough strirring the mixture is placed in a thermostat 
at 29*^ for 30 minutes. After heing transferred to a photometer 
cell (1 cm.) the extinction is read at 600 mg. The blank con- 
sists of reagents without testosterone. 

b. In this modification the testosterone is dissolved in 0.2 nil. 
ethanol prior to the addition of sulphuric acid. The mixture is 
heated in boiling water for 30 seconds. For the rest, the lest is 
carried out as described under cr. 


2. Absorption spectrum of the reaction colour. 

Fig. 1 is a graphic rcprcsenlalion of an experiment with 
12.5 and 25 gg. testosterone. Owing to the strong absorjition 
in the 600 mg range the reaction colour is pure blue. Actually, 
to the naked eye, it is quite indistinguishable from that given 
by dehydroandrosteronc in the above mentioned colour test 
for that substance. This fact, of extreme importance when 
analyzing mixtures containing both substances, will lie dis- 
cussed below. 


3. Heating time. 

A senes of experimcnls was carried oiU according lo liic 
pnncipio given in section ], b, bnl will, ll.o difference llial llic 
healing time was varied from 10 seconds lo 5 minutes The 
Miount of testosterone was 10 pg. The result will be seen in 
% 2 showing that the colour inlcnsily roaches ils maximnm 
'alue after approximately 30 seconds of healing 

Similar experimcnls earriod out according to 1 „ (drv 
te tos erone) gave inaxinmm colour afler 3-5 niinnles ho2 

'vm be gonTinto iTter,'" 

AcUcndocrinol. Vol. i. IV. 
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Fig. /. 

Absorption spectra for testosterone (12.5 and 25 |.ig.) after sulphuric 

acid reaction. 

Abscissa: Wave length in m},i. 

Ordinate: Extinction coefficient. 

4. Dilution medium. 

In this connection two matters of importance must be 
studied: 

a) Kind of solvent (water or ethanol), 

/?) Acid concentration in the solvent. 

While elaborating the present method it soon appeared to 
us that ethanol had an important bearing upon the_ reaction. 
This will be seen from the following experiments. 

Five test-tubes, each containing 25 |xg. testosterone, were 
heated for 5 minutes (boiling water) with 1 ml. sulphuric 
acid. After cooling and diluting with 4 ml. 25 v/v per cent, sul- 
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phuric acid (aqueous), different amounts of ethanol (0.1 to 
0.8 ml.) were added. After standing at 40” for one hour the 
extinction at 600 mp was read. The experimental results will 
appear from fig. 3. These results stress the importance of the 
content of ethanol in the dilution medium and naturally 



^>roughl a similar experiment xvUi 
acid (] volume sulphuric acid miv \ sulj)hunc 

«« liie cxlinclion coemri”/"" ' '-■Hiaiiol), 

“ "-SI- H was decided, ll.crefl 'e t '"Sl. 

^ast-mentioncd sulphuric acid ,• ’ ^^oHowing (o use the 
solved IS that of the influence oflhe l>J‘<>l)lcm to he 

fte colour development Servinfr concentration upon 

;--ents were set up Zt "‘I following^ 

^25 pg.) were heated fn r ^ amounts of lostn^i ^ 
^^'P^uiric acid. After 'r. ^ 
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Effect of ethanol upon colour development. 
Abscissa: ml, ethanol added to dilution medium. 
Ordinate: Extinction coefficient at 600 mji,. 



Fig. i. 

Influence of acid concentration upon colour formation. 
Abscissa: Content of sulphuric acid (volume/volume per cent) 
in the reaction mixture. 

Ordinate: Extinction coefficient at 600 mp,. 
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i„ order to obtain the following concentrations of sulphuric 
acid, expressed in v/v per cent: 

1) 20 per cent, 

2) 32 » » 

3) 40 » » 

4) 48 » » 

5) 56 » » 

The mixtures were kept at 400 30 minutes, whereupon 

the extinction at 600 mp was read. In fig. 4 tlic colour inten- 
sities are plotted against the acid concentration. It will he seen 
that a content of approximately 40 per cent, sulplniric acid 
gives maximum colour .formation. This means that dilution 
will have to proceed with 4 ml. of a mixture of one volume 
sulphuric acid and three volumes ethanol. 

5. Rate of colour development: 

This question has been studied only to a small extent. At 
room temperature, 22 — 30", maximum colour is oblaincd witli- 
in 15—25 minutes after admixture of the alcoholic sulphuric 
acid reagent. Fig. 5 demonstrates this fact. The cxperimenl was 
carried out at 29". Colour intensity is plotted against the time 
(in minutes) elapsing after the addition of alcoholic snljihuric 
acid. 


6. Stability of reaction colour. 

The colour is stable for at least one hour. 

7. Relation between exiinciion coefficient and amount of 
testosterone. 

This question must be subjected to more detailed comnicnl 
Firstly, the reader’s allcnlion is drawn to section 1. I{ will 
5e seen that the reaction can be carried out in two diffcrenl 
ways: The sulphuric acid may be added to the Icslostcronc 
this latter being either dry or dissolved in 0.2 ml. clhanol’ 

cZrrp T'’"” "■iieii.cT 

Sto r L ;"' T ‘"‘“'"S’ 'Vill. 

sloslerone dissolved 0.1_0,2 ml. clh.onol is dcfh.UcIv 
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higher than that given by the dry substance, so that different 
calibration curves result according as testosterone is dissolved 
in ethanol or not. This will appear from fig. 6, showing calibra- 



Fig. 5. 

Rate of colour development at 29°. 

Abscissa; Time in minutes after admixture of alcoholic 
sulphuric acid. 

Ordinate: Extinction coefficient at 600 mg. 

tion curves for testosterone subjected to the sulphuric acid 
tests as specified in section 1 a and b. Using larger amounts 
of ethanol we obtain even higher extinction value?; but, pos- 
sibly because of uncontrollable evaporation of ethanol during 
the initial heating, the results are too variable and irrepro- 
ducible. Looking at the curves in detail we notice that the 
colour reaction does not comply entirely with Beer’s law. For- 
tunately, it has appeared that from day to day the readings 
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sji,' are subject only to small variations. Therefore, it will suffice 
jjj, to check the curves at adequate intervals. The question may he 
asked why two different methods are proposed. The answer is 



Curve r n / 

Curve II; Tcstostermi J ^^•‘^^oslerono. 

iromutTr 

‘l>al using lestosfcronc in il, , 


«) a 
'vhcn 


370 


using an alcoholic solution of the substance. This may, per- 
haps, be ascribed to the aforementioned evaporation of ethanol 
In certain practical applications, however, the ethanol (modifi- 
cation b) proves useful and convenient (see below). 

8. Accuracy of method. 

Our material is not yet large enough to justify real sta- 
tistical treatment. For that reason we must confine ourselves 
to state that the experimental errors seem to be of the same 
order of size as in most similar methods of determination, i. e. 
about ± 5 per cent, depending on the errors that are associated 
with pipetting the small volumes of fluid. 

9. Specificity of reaction. 

Undoubtedly, this question is one of the most important to 
be dealt with. From the very start, however, it must be em- 
phasized that the vast number of steroid hormones known at 
the present time excludes the exhaustive examination of this 
problem. 

The following substances are found to give insignificant 
or no reaction: 

Androsterone, Cholesterol, 

Isoandrosterone, 7-Dehydrocholesterol, 

z/®-Androstene-3/?, 17-diol, 7-Hydroxycholesterol, 

Methyltestosterone, 7-Ketocholesterol, 

Progesterone, Cholestenone. 

Oestrone, 

Oestradiol, 

Equilin, 

Equilenin. 

At least 3 substances give a colour reaction very similar 
to that given by testosterone. In the following we shall give 
an account of the reactions which, under the conditions de- 
scribed in section 1, are obtained with these three substances: 

a. J^-Androstene-3^, 17-dione. 

When subjected to the sulphuric acid reaction, andro- 
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stenedione produces a reaction colour entirely identical with 
that given by testosterone, in respect of intensity, and spectral 
composition. Yet, this substance can be effectively removed by 
means of nicotinic acid hydrazide. {Velluz & Petit, 1945 ). 



^^^^morticosterone. 

I'-eated with 

f loweTCn ttlr :r“T “0 

«losterone. I„ addition, it ST “f 

tending the heating time from • decreased by ex- 

'■ ^‘^Vdtoandrosterone. 
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it is to be expected that this substance will react positively. Still 
as in the case of desoxycorticosterone, extension of heating 
time decreases the colour intensity obtained by dehydroan- 
drosterone. This fact is clearly demonstrated by the following 



Behydroandvosterone. Effect of prolonged heating upon colour in- 
tensity. 100 [.ig. were treated as described in section 1 h, but with 
different times of heating. 

Curve I: 1 minutes heating. 

Curve II: 1 hour’s heating. 

Abscissa: Wave length in m[r. 

Ordinate: Extinction coefficient. 


experiment: 100 |xg. dehydroandrosterone wmre treated ac- 
cording to modification 1 &. A second sample was treated in 
the same way, but with the difference that the heating time 
was extended to one hour. The absorption spectra from this 
experiment will be seen in fig. 8. It appears that one hour’s 
heating almost entirely prevents the specific colour formation. 
Similar experiments carried out -with testosterone proved that 
in this case the colour was unaffected by heating for one hour. 
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Accordingly, it seems very easy to prevent the influence of 
dchydroandrosterone upon the colour reaction. 


10. Practical applications of the method. 

This problem has so far been studied only as regards simple 
pharmaceutical preparations of testosterone or testosterone 
propionate. It is, however, necessary to point out that in this 
field our research is by no means complete. Therefore, we are 
unable to give more than the simple outlines of our work. 

The most common preparations for clinical use are oily 
solutions of testosterone propionate. Such preparations have 
been analyzed in the following manner: 1 ml. of the oily solii 
lion is hented with 5 ml. 2 N alcoholic potassium hydroxide 
ti l coniplete saponification. Subsequently 50 ml. water are 

ether After washing with 50 ml. N sodium hydroxide and 
oO ml. water the combined ether extracts are evaporated to 
dryness. The solids are dissolved in a ^ 

ethanol and subjected to analysis as described 'in section”/ f 

ponding to about 0.5-1 mg teslosLr3°^^"''^ 

In the case of solutions confo , Propionate per ml.. 

substancefe.g. 25mg. permi Wh7 of this' 

oh ilself is without real sienif '''''' originating in the 
perinients have shown 100 per our ex- 

propionate when oily solutions f of testosterone 

analyzed. When we are t^Z V been 

per ^.1.) the inflLee ^^-^0 

correspondingly stronger and in formation 

necessary to use more compll" 7 "T' """ 

. P^oally, it should be noted fllat tlm Zn Procedures. 

given m section 1 b is fh^ nni oiodification of analysis 

of testosterone isolated ^ 0 ^ 0 - 7 '’"“'’'' determin- 
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saponification residue (instead of an alcoholic solution of the 
latter) . 


SUMMARY 

A simple and sensitive method is proposed for the quanti- 
tative determination of testosterone. 

The procedure, described in detail in section 1, is based 
upon the blue colour formed when testosterone is heated with 
sulphuric acid and subsequently mixed wnth 25 v/v per cent, 
alcoholic sulphuric acid. 

Certain aspects related to specificity are discussed. 

The practical application to the analysis of pharmaceutical 
preparations is roughly outlined. 
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From the Hormone Department and the Statistical Department 
of the State Serum Institute, Copenhagen. 

BY 


CHRISTIAN HAMBURGER 
WITH A STATISTICAL APPENDIX BY G. RASCH 

The common methods for the determination of 17-kctoste« 
Toids in urine require the extraction of a urine volume equal 
to a half or a quarter of a 24-hour specimen. Tire colour re- 
action, however, is actually made with an amount of extract 
from 1/100 to 1/200 of the 24-hour urine; the rest is discarded 
unless a separation of the various 17-ketosteroids is desired. 
In most clinical assays the determination of the total neutral 
fraction is sufficient and it is, therefore, tempting to save che- 
micals and space by extracting merely an amount of urine ne- 
cessary for the colour reaction. Drekier ei al. (1947) have 
shown that the analysis can be performed satisfactorily willi 
only 10 ml. of urine. 

The time required for the extraction can also be reduced 
considerably even without the use of more or less complicated 
extractors. Robbie &. Gibson (1943) thus found that at least 
90 per cent of the 17-ketosteroid content arc removed from the 
pi^viously hydrolyzed urine (250 ml.) by 10-minulc carbon 
tetrachloride extraction in a boiling waterhath. 

Before the adoption of the »micro-melhods« to be described 
m the present commimication, our standard routine method 
consisted m simultaneous sulphuric acid hydrolysis and ben- 
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zene extraction involving three 1.1/2 -hour refluxings (for de- 
tails, see Hamburger, 1948 a, h). The long time required for 
this procedure and the limited number of steam-boilers at our 
disposal forced us to trj^ simpler methods. We then had to 
make our choice between several possibilities as to the amount 
of urine, the kind of acid and solvents, etc. 


CHOICE OF REAGENTS, EXTRACTION PROCEDURES AND 
AMOUNTS OF SOLVENTS 

1) Amount of urine. 

We have adopted Callow’s modification of the Zimmer- 
mann-reaction and perform a duplicate test \\ath an amount 
of alcoholic extract equal to 1/200 of a 24-hour urine. This 
amount enables us to measure a content of up to 25 mg./24 hrs. 
With the intention of being able to determine higher 17-keto- 
steroid contents without making a new extraction we have 
preferred to work with 1/50 of a 24-hour urine. If this amount 
happens to be less than 10 ml., water is added ad 10 ml., be- 
cause it is inconvenient to handle smaller volumes. 

2) Acid for the hydrolysis. 

Most investigators have used hydrochloric acid. The short- 
age of glass ware during the war and until recently necessi- 
tated the use of platinated metal reflux condensers which did 
not stand the HCl-vapours. Consequently, the urines were 
acidified with sulphuric acid, and we have not been able to 
demonstrate anj^ difference between the effect of these acids 
upon the hydrolysis, provided such amounts are chosen as 
bring forth the same pH-value. In the standard routine method 
concentrated H2SO4 was used; when dealing with the »micro- 
tests« a corresponding larger amount of 40 volume per cent 
HjSO^ is more convenient. 

3) Optimal pH-value. 

The optimal pH-value, i. e. the pH which gives the largest 
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recovery of total 17 -ketosteroids, varies with the time of hy- 

rirolvsis and with the temperature. 

We commenced a thorough investigation but soon found 

that the optimal value varied from one batch of urine to an- 
other All pH-measurements were made with a glass electrode. 
In some specimens the largest recoveries occurred at pH 0.40 
-0 60 (15 minutes’ boiling on electric hot plate), in other 
urines in the neighbourhood of pH 0. On the average the op- 
timal pH-value was about 0.20 or slightly below' this figure. 
This fact clearly demonstrates that it is not possible to make 


general statements of the optimal pH-vaiue, and since for prac- 
tical reasons it is not feasible in the clinical routine analyses 


to perform the analysis at a variety of pH-valiies, we decided 
to use a constant acid concentration for all urines, viz. 10 vo- 
lume per cent of 40 per cent H^SO^. This concentration brings 
on a average the pH to about 0.20. 


4) Time of hydrolysis. 

Callow et al. (1930) examined the effect of time of boiling 
urines ivith 40 ml. of HCl per litre on the liberation of 17-keto- 
steroids. There were some irregularities, but the type of curve 
given by men’s and women’s urine seemed to differ signific- 
antly. We have made some experiments on the effect of vary- 
ing the time of bc/iling w'hen the acid concentration and the 
temperature were kept constant. Three of these experinienl.s 
are summarized below; in all instances 1/50 of a 24-hour urine 
was used, and after acidification with 10 volume per cent of 

40 per cent H^SO, the urines were submitted to gentle boiling 
on electric hot plate. 


T acidification) was 

lecovery occumd after 25 minutes. ^ ^ 

2) Womcan, 57 years old. 'The urine fnH n W 

“ a-tccvacds esfeaefod Z; 
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funnel. The maximal recovery was,, found at 40 minutes, but tlie 
diffei’ence between this and the 25-minute value does probably 
not exceed the experimental error (see Fig. 1 b). 

3) Woman, 46 years old. The pH of the acidified urine was 0.20. The 
urine was hydrolyzed for 5 to 40 minutes and immediately after- 
wards extracted with 50 ml. of carbon tetrachloride on the hot 
plate for 30 minutes. The values showm in Fig. 1 c represent the 
average figures for 3 tests. The maximal recovery was obtained 
after 20 minutes’ hydrolysis, but it is reasonable to assume that 
the hydrolysis has continued for some time during the subsequent 
refluxing with CCl^ until the liberated 17-ketosteroids have passed 
to the extraction solvent, probably in about 5 minutes. 
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Fig. L 

The effect of time of acid hydrolysis upon the recovery of 17-keto- 
steroids from three batches of urine. 

These, and other experiments seem to indicate that under 
the present experimental conditions, the optimal time of 
boiling is about 25 minutes. 

5) Solvent for extraction. 

It is outside the scope of this paper to evaluate the num 
erous communications dealing with the choice of solvent for 
the extraction. We shall confine ourselves to emphasize tha 
when the opinions of the superiority of benzene, ether or 
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^ carbon tetrachloride differ so much, this fact might indicate 
that the difference between these solvents with regard to their 
ability to extract 17-ketosteroids is actually rather small. In 
? our hands CCl^ has on an average given somewhat low'er re- 
coveries than benzene or ether and the technical variation 
seems to be somewhat larger when using CCI.,. Furthermore, 
the high specific gravity of CCl, constitutes a practical draw- 
back for the purification of the extract. Because it forms the 
bottom layer, several separatory funnels are needed for each 
urine, or the washings must be done in flasks of special design 
and the supernatant layer removed by aspiration (Woos/cr, 
1943). In spite of the unquestionable advantage of working 

>v,lh a non-inflammable reagent avc have preferred (o use 

benzene or ether. 

6 ) Separate uersae combined lujdrolpek and extraction. 

“f urine and long-con- 

tinued extraction, ColUow ct oJ f j ji ^ 

HCI-hydrolysis toliowed by t “le 0^00 

fective, Ta/l^of et al (Tgqni ^ 'cre almost equally ef- 

tracion. but flohWe i w r”™" ^ 0 ,- 0 .- 

Vright (1943) have given slronfe, T 

tndependenthydrolysis and m ^ ‘^'•f^ence to the faci ihat 
fi>™ simuiiancous hydrolysis 'm,V ca" T'' 

Penmenfs with small volunls of «- 

of Hie last-named two groups of inv ^,'^‘’1'^'™ oiiperiencc 
of urmc from a SO-year-old wom Two spccinicns 

(the 2n(l and 3rd day after i„i„ "'“"""•iry carcinoma 

of testosterone propionate in oify'T, "'«■ 
ttie separate and combined CCl’ n 7" ““‘""illed to 
A) Second 24-hour • ^^^'■"Procedures. 

V Ten minutes’ refluxing 

Tlurty minutes- hych-ols «^g./24 hrl 

'med at the same time nc! with 50 ml rri 

'»™Ti 5.8 mg ./84 » -id on per- 

endocrinol. Vol. 1. IV. 
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B) Third 24^hour specimen (pH 0.24 after acidification) 

1) Ten minutes refluxing followed by 30 minutes’ CCl <■ 
Recovery: 7.4 mgy&4 hrs. 

2) Forty minutes’ hydrolysis + extraction with CCl perform 
simultaneously with 1) and on the same hot plate. Recover™ 
4.4 mgy24 hrs. 

The recovery by the combined method was thus 44 and 59 
per cent of that by the separate process. When using benzene 
we have not been able to find any difference between the two 
methods. The most likely explanation might be that because 
CCI4 forms the bottom layer, the temperature of the urine re- 
mains around 75° C, the boiling point of CCl^, whereas the 
urine during benzene extraction forms the bottom layer and 
therefore keeps a temperature of about 100° C. 


As a consequence of the experiments cited above we have 
confined our efforts of elaborating the »micro-analyses« to 
two methods, viz. simultaneous HgSO^-hydrolysis and benzene 
extraction, and independent HgSO^-hydrolysis and subsequent 
ether extraction in separatory funnel. 

TECHNIQUE 

An amount of urine equal to Vso of a 24-hour output is 
measured out from a 10 ml. pipette graduated to 0.1 ml. into 
a flask (if below 10 ml., water is added ad 10 ml.). From a 1 
ml. pipette graduated to 0.01 ml. 10 volume per cent of 40 per 
cent H2SO4 are added to the urine. 

1) Simultaneous hydrolysis and benzene extraction. 

Forty ml. of benzene {»crystallisable«) are added to the 
acidified urine. The boiling is performed on electric hot plate 
in 450 ml. flat-bottomed Jena glass flasks (as those used for 
cultivation of tubercle bacilli) supplied with reflux condensers. 
An electric hot plate with a diameter of 22 cm. leaves space 
for three of the flasks, and the reflux condensers can be con- 
nected serially (see Fig. 2). When the temperature of the hot 
plate is kept moderate the urine boils smoothly, especially 
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when a piece of glass is put into the flask. The advantage of 
this shape of flask is the extended contact surface between the 
urine and the benzene layer (Fig. 3) ; with 20 ml. of urine the 
contact surface is about 80 sq. cm. while the height of the 
urine layer is merely % cm. The liberated steroids therefore 
pass very rapidly to the benzene layer. By benzene refluxing 
of various duration of previously hydrolyzed urine it can be 
shown that most of the steroids are removed within 5 minutes. 
Since the hydrolysis usually is complete after 25 minutes, the 
total time for the benzene refluxing ought to be 30 minutes. 
We have, in fact, found that the recovery was not increased 
by extending the refluxing to 40 or 60 minutes, and by re- 
extraction with benzene for 30 minutes the recovery is below 
2 per cent of that of the first extraction. As an example men- 
tion can be made of the urine with the highest 17-ketosteroid 
content available for the »micro-anaIyses«. Re-extraction of 
this urine which by the first extraction gave a recovery equal 
to 55 mg./24 hrs. removed an additional amount of merely 1.5 
per cent of this value. In our standard routine method the 
third benzene extract may contain as much as 9 per cent of 
the amount from the first and the second extract together, 

. although each extraction took 90 minutes. 

After 30 minutes’ refluxing the mixture is cooled under 
running tap water and the benzene extract is freed from non- 
specific chromogenic substances and phenols by extracting 
once with saturated NaHCOj solution, hvice with 2 N NaOH 
solution and twice with water, each of the washings being 
made with about 10 ml. After drying with dehydrated Na^SO^, 
the benzene extract is filtered and evaporated to dryness over 
a boiling waterbath under reduced pressure. The residue is 
taken up in 0.80 ml. of absolute alcohol. Tlie colour reaction 
is made in duplicate with 0.20 ml., an amount equal to 1/200 
of a 24-hour specimen (see: Hamburger, 1948 a, b). The rest 
of the alcoholic extract is saved with a view to the possibility 
that the content of 17-ketosteroids is above 25 mg./24 hrs. and 
a new colour reaction with a smaller amount has to be per- 
formed. 
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2} Separate hydrolysis and ether extraction. 

Our technique is essentially identical with the method of 
Drekter et at. (1947). The hydrolysis is performed in the same 
flasks as used in the benzene procedure by refluxing on the 
hot plate for 25 minutes. The urine is cooled and extracted by 
vigorous shaking for one minute with 40 ml. of ether in a 
separatory funnel. The purification of the ethereal extract is 
identical with that for the benzene extract. We have found the 
ether method to be as effective as the benzene method; re- 
extraction of a urine from which the first ether extraction 
had removed an amount of 17-ketosteroids equal to 46.0 

mgJ24 hrs. gave a recovery of merely 0.8 mg./24 hrs., i. e 1 7 
per cent. 


II IS no! easy to decide which of the two techniques llic 
henaenc or the ether method, is the more desirnhie M will he 
seen from the section below, the methods give II e snnie r I 
and the time required for the analyses is the same T ,e n 

-t rLoves" 

nnnary chromogens, a circumstance wh “ 

minor importance wlien o ’ ^^""’cvcr. of 

final calculations. ' ' correction is used for the 

compISon Wira TOP 

u « TOE STANDAKD liOUTINF MPTlrnrs 
Special stress has been In-, L ME TOOD 

results obtained by tlie .micro ’T" comparison of the 

'"'acd, because our “or” , tT '>.V H.c standnni 

were obtained by the last mp (^^nnibiiryer, 194s ah) 

a method is 
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batches of reagents. The results are usually found to be very 
consistent. Such experiments, however, only yield an upper 
bound of the accuracy of the method as used in the routine. 
In order to determine the accuracy in routine work the control 
experiment must be carried out under routine conditions: In 
the course of some time the analyses are made in duplicate, 
but each of these is always performed on different days, often 
with different hatches of reagents and not always by the same 
person. To state it briefly, the control tests are deliberately 
mixed with the hulk of the ordinary routine analj^ses. The 
investigations into the accuracy of the methods to be reported 
below are all made in the latter way, with one exception: the 
comparison of the »micro-benzefte-method« and the »micro- 
ether-method«. In this case the purpose was to disclose any 
possible difference in a particular step of the whole procedure, 
viz. in the ability of benzene and of ether to extract the 17- 
ketosteroids. Therefore these analyses were carried out si- 
multaneously and under as similar experimental conditions 
as possible. 

So far, we have examined 61 urine specimens by the stan- 
dard method and by the »micro-henzene-method«. Furthermore 
we have carried out 20 independent duplicate standard ana- 
lyses and 50 independent duplicate »micro-benzene-analyses«. 
Finally, we have compared the »micro-benzene-« and the 
»micro-ether-method« in 28 urines. The results of the statistic- 
al analysis, the details of which are given in the appendix, may 
be summarized in this way: 

It is not possible to demonstrate any systematic difference 
between the micro-methods and the standard routine method. 
The standard method is less accurate than the micro methods. 
When the amount of 17-ketosteroids is in the neighbourhood 
of 10 mg. per 24 hours, the standard deviation is 50 per cent 
lower in the micro-methods than in the standard method; 
accordingly, in order to obtain the same accuracy we should 
need 4 standard analyses for every micro-determination. 
Furthermore, we have found no systematic difference between 
the »micro-benzene-« and the »micro-ethei'-method«, but from 
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.„.csenl experiments we nwhlto 

L been answered in the affirmative sense. 


STATISTICAL APPENDIX 

In Fig. i the results of the 50 duplicate .niicro-benzenc- 
analyses^ are plotted against each other. Obviously the vana- 
tions about the »identity-line« increase with increasing 
amounts of 17-ketostcroids. In order to investigate the relative 
errors we plot the logarithms in Fig. 5. It is seen that for 
larger amounts of 17-ketostcroids the deviations from the 
identity line keep within fairly narrow constant limits, bill 
for the amounts less than 1 ing,/24 hrs. the variations arc 


much larger. This indicates that two different kinds of errors 
are interfering, a »constant relative errors and a rconslnnt 
absolute errors. For small amounts of 17-kctoslcroids the 
constant relative errors are insignificant as compared wilh 
the sabsolute errorss, but for larger amounts Ibc conlribulloii 
of the »ab.solule errorss becomes negligililc as coinjiarcd will) 
the srelalive errors*. As to the interpretation of this statement 
it seems natural to think of the source of (he y'conslanl crrors< 
as the residual effect of the non-specific chromogons of (he 
nririe after the colour correction. 

For a quantitative discussion of the errors a more exael 
specification is required. 


It we denote Hie true amount of 17-kclo,xlcroi,i.x iiv v otir 
working hypothesis implie., (hat one standard deviation 
IS ladependenl of f, while Hie other is proportional In v.' sav 
T total variation then has a standard devi.nlimi „ given 


„2__ 2 I 0 , .) 

Ac fl I 

AS the observations with rcallv -> 
did not seem worth whilp fo ^ i 
estimations of both „ ^nfl elaboral 

A preliminary invesligatior 
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frhl and error, Jeads lo a rough cslimale of 
involving some ‘ modified tlie hypolliesis fo 

% for the ratio ''einei 


( 2 ) 

In order to control this hypothesis we noticed that ^vhcn 
applying the transformation 

(3) y = arcsinh j ^ 

to the observed amounts of 1 7-ketoslcroids we should 
cording to the differential coefficient 

dy 

" ]/ x'2' + It) 

— get quantities with a constant standard deviation, viz. 








ac- 


ts) 




In Fig. 6 the effect of the transformation is demonstrated: 
Now the points are evenly distributed around the identity line 
for small as w'ell as for large observations. TJie modified hy- 
pothesis (2) therefore seems acceplahic and thus, according 
to (5), cTj, may he estimated from the transformed dnpHeatc 
observations. 


We find 0,258 and consequen tty 0,0(51. Inserting 
m ,1) we may compute a table of the estimated for different 
f s. Since the amounts of 1 7-ketoslcroids most fmpiently met 
with m the clinical analyses exceed 2.5 mg./2d hrs., in wliieh 
domain the second term on. the right of (1) |,rcvails it seems 



» Jt 7 "'"“ 

amounts of 17-ketosteroirlc f ' i ^%'»nlinns of the 

»ne pair orotrTaLr: 7,!'"' «• Apar, 

2«ragy24hrs. to 21.1 mgm n ‘ ' 

“«al the varianee of the lov,)", 7 as 

a .standard deviation of 
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13 per cent. On comparing with Table 1 we learn that for 
amounts of about 2.5 mg./24 hrs. the two methods are equiva- 
lent, but for larger amounts the micro-method is far more 
accurate. At about 10 mgy24 hrs. the standard deviation for 
the micro-method is only about half of the standard routine 
method. 


Table 1. 


? ! 
mg./24 hrs. i 

O' 

mg./24 hrs. 

al'§ 

per cent 

0.5 

0.260 

52.0 

1.0 

0.266 

26.6 

2.5, 

0.304 

12.1 

5.0 

0.412 

8.2 

10.0 

0.694 

6.9 


The relation between the content of 17-ketosteroids and the standai’d 
deviation -(micro-benzene-method). 


In a series of 61 experiments we have compared the two 
methods directly in order to see whether the results deviate 
systematically from each other. The logarithms are plotted 
in Fig. 9 ; the diagram shows no obvious bias, and a comparison 
of the mean of the differences with its mean error confirmed 
the impression (t = — 1.20). Again it should, however, be no- 
ticed that the experiments cover only the range 2.5 mgy24 hrs. 
to 34.4 ing./24 hrs. The question has therefore not been settled 
for small amounts of 17-ketosteroids. As to the variation of 
the differences we estimate the relative standard deviation at 
15.7 per cent which seems rather large as compared with the 
standard deviation for each of the methods. The reason for 
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ibis may simply be that the cslimalc of the variance for (he 
standard routine method, resting upon 19 degrees of freedom 
only, just happened to be fairly smaJI. ^^'c may conclude (hat 
the true standard deviation for the standard routine method 
presumably is somewhat larger than the estimate f<)und (13 
per cent). 

The comparison of (he i-micro-benzene-i: and (he Muienj* 



cther-melhod<t is illustrated in Kiy in » 
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loenled, Tl.c mean square of ll„! rr 

0-00164 which hevL. s -r '’""'' 

found for ihc difference hehw . ffo'u wl.al we 

™hr„ ,,c„.e"e-,„e,h„d-., vi:"„;«S'';' 
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variance estimated represents practically the errors in one 
single step of the procedure only, viz. the step where the two 
methods differ. If the presumption he correct, the errors in 
this step of the ether procedure should have a variance ex- 
ceeding that of the errors in the corresponding step in the 
benzene method. Consequently, the total variance of the 
ether method should exceed the total variance of the benzene 
method. Now the presumption may be wrong or the estimate 
of the variance may happen to be fairly large. There is there- 
fore a possibility that the two methods are equally accurate. 
In order to obtain a definite result a new series of experiments 
is required. 

An analysis of the data underlying the range of 17-keto- 
steroids for normal persons given by Hamburger (1948 a, b) 
has shown that the logarithms may be taken to be normally 
distributed and that the variance independently of the age is 
about 0.0225. As the corresponding variance for the accuracy 
of the standard routine method was estimated at 0.0025, cf. the 
above mentioned standard deviation of 13 per cent, the tech- 
nical errors are quite insignificant as compared with the bio- 
logical variations. Therefore the change of technique is of no 
consequence as regards the range of normality . 


SUMMARY 

The purpose of this investigation has been to find the op- 
timal conditions for hydrolysis and extraction of 17-ketoste- 
roids in very small amounts of urine (1/50 of a 24-hour speci- 
men). Simultaneous hydrolysis and benzene extraction and 
separate hydrolysis follow'ed by ether extraction in separatory 
funnel w'ere performed according to the technical description 
below't 
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Pouv ^/no of a 2i-lu’. urine i 
into a flask 


add 10 vol.-|)ci‘. cent, of 
40 per cent. II„SO^ 


either or 


I 

add 40 ml. benzene j' 

j 


roflux for 30 min, on 
electric hot plate 


cool and pour 
into separatorj’ funnel 


iv'flu.v for 2.'i min. on 
oleclric liol ))lale 



cool and ))our 
into separatory fiinnet 



.shake once with 40 ml. 
ellioi’. vigorously 


I discard urine 


shake e.vtract once with ! 

10 ml. sat. NallCO,^ ! 

twice with 10 ml. 2X XaOll ! 

twice with water i 



dry extract with Na,SO 

• 4 



filter 



G'a])orate o.xfract 
to dryness 


I 


dissolve residue 


in 0.80 ml. 
abs. alcohol 
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By these »micro-methods« for extraction in combination 
with Callow’s modification of the Zimmermann-reaction and 
the use of a colour correction nomogram the determination of 
the total neutral 17-ketosteroids in urine can he carried out 
in the course of two hours. The two methods give the same 
results as the standard routine method hitherto used in this 
laboratory (combined hydrolysis and benzene extraction of 
half the volume of a 24-hour urine, three iy 2 -hour refluxings 
on steam boilers). When carbon tetrachloride was substituted 
for benzene, the combined hydrolysis and extraction gave very 
poor recoveries, and by independent hydrolysis and extraction 
the recoveries were somewhat lower and more variable than 
by the benzene- or ether-method. 

The advantages of the »micro-methods« are obvious: They 
are considerably less time-consuming than the ordinary me- 
thods; the amount pf reagents required is minimized and the 
analyses can be performed regardless of special laboratory 
equipment, except of a photometer. As the »micro-methods« 
(at any rate the benzene method, but probably also the ether 
method) are even more accurate than the ordinary large-scale 
analysis, they are recommended as a means for determination 
of the total neutral 17-ketosteroids in the urine. The small 
amount of extract, however, does not permit the separation 
of the various components of the total neutral fraction. 
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